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RoomesTer, KEN?, 
and 72, Cannon Streer, Lonpoy. 
ROAD LOCOMOTIVES. 
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CULVER STREBT WORKS, COLCHESTER. 

On ADMIRALTY 48D War Orrice Lists, 
ENGINES a Boats, Yachts, Launches. 
OILER FEBD PUMPS. 

See Parser « page 29, last week. 
PATENT bade <I Fg ILERS 
MATIC FEED REGULATORS 
And pet sy lacie as supplied to the 
Admiralty. eat Od 2179 





~ Constructors. | Motors 


JOHN SAMUEL WHITE & ees Lap., 
Shipbuilders and 
Bast ¢ Cowes, LW. 


ee’s aro-Pasumatl Ash Ejector. 
yg 8a No noise. xe dust. No 
py — Naber 20 ‘tt. clear of vessel—A pply, 





r3 J. TREWENT & PROOTOR, Lrp., Naval Archi- 
» tects and YY ea 43, Bil liter Bidgs., So St., 


London, B.C. 





| Petter OY ixgizes. 


Manufactured by 
PETTERS i, ‘Bagincers Yeovil. 
See our [Hustrated Advt. every alternate week. 





' (\raig & Donald, Ltd., Machine 
TOL 














MAKERS, Jounsrows, near Glasgow. 
For class of Machine Tools our — 
peas Syer 
])roP 
cate tg ENGINEERING & "FORGE pe 
50, WELLINGTON STREET, Giaseow. 
p.é 
CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Registered Office: 1084, Cannon St., London, E.C. 
Gteam Hammers (with or 
TOOLS for 3 SHEPUUTLDENS: & BOILERMAKE 
DAVIS & PRIMROSE, Lrvrrep, Leirs, Eprvsures, 
Limrrep, 
HH 2amers, Presses, Furnaces, 
COVENTRY. 
Ltd., 
ich case mB BAB FOR 
INES. 
I (\ranes.—Blectric, Steam, 


Advertisement every alternate wi ik. 
tam P! 1 - gs 
W. Maclellan, Limited, 
RAILWAY CARRIAGES AND WAGONS 
Chiet Offices: 129, Trongate, Gnuaseow. Od 8547 
-worked or self-acti 
Bett’ 8 Patent | jitter Co. 
in 610 
BR ver, Dorli & Co., 
BS, 
also aa RASTIES, @, Atit OOMPIMSSING 
nd PUMPIN G ENG 
HYDRAULIC and HAND, 





sizes. 
GEORGE s nuUseELE se & CO., Lrp., 
Moth: lasgow. 


otherwell, near G 





1 Phe Glasgow Railway 


Enpiaseeinl, Company. 


London Otice td, Vian Victoria Street, S wa” 


. MANUFACTURERS 
RAILWAY CARRIAG WAGON At AND TRAMWAY 
WH AXLES. 
CARRIAGE & WAGON IRONWORK, also 
AST-STEEL AXLE BOXES. 
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arrow & Co., Ltd., 


SHIPBUILDERS AND ENG — 


P 
Exceptional Shallow Draught 
SSELS PROPELLED BY STEAM 


Turbines or aeons 


Internal Combustion Engines. 


(‘ampbells & Hete:, L- 


SPECIALISTS IN 
Drilling & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 


“¥ achts, Launches or Barges 


_ complete with Steam, Oi] or Petru! 
Machinery supplied. Od 3551 





5045 aren ly & CO., Lap., Broap Straeer, Porrsmours, 





fPank Locomotives 
Specification and Workmanship equal to 


Main Line Locomotives. 
BR. & W. HAWTHORN, LESLIE & OO., Lrp.., 
Enoineers, NewcoasT.e-on-TYve. 4985 


MULTITUBULAR AND 
(Yochran CROSS-TUBB TYPES. 
Sée page 96. 


15 ae 


| Cranes. Slight and Electric. 


STEAM NAVVIES, GRAB CRANES, 
SHIPS DECK MA MACHINERY. 


-j ohn H. W ilson&Co., Lid. 


Dock Roap, BrRKENHEAD. bid 
London Office :—14, Victoria Street, S.W. 


r[the Norman Thompson 
Flight Co., Ltd. erp. 1909.) 


Y cageneruy: To THE APMIRALTY. 





0 








= rs’ experience 
in n Design pear ‘onstruction of Aircraft. 


TO THE NAVY.” 


ALL BRITISH BUILT. 
5399 
Address :-—Mipp.LeTonx, Bognor, ENGLAND. 
Telegraph—'* Soaring, Bognor.” Taephes me-- 48 io Boge m, 


a “Qripoly” 


MACHINE BELTING 


Driving 


(jonveying 


Bi levating 





SoLE MANUFACTURERS : 


Lewis & Tylor, Ltd., 


CARDIFF. 


MANCHESTER. 


5484 


Lonpon. GLasGow. 





Iron and Steel 


Tihes and Fittings. 
The Scottish Tube Co., Ltd., 


Heap Orricz: &, Robertson Street, Glasgow. 
vp Loon: verse Mapa Newcastl Tyne, 
e-on-iyne, 
and Cardiff. 





“THE FIRM WHO GAVE THD FLYING BOAT 





les Limited, 
= INEERS, IRLAM, MANCHBSTER. 
FEED WATER HEATERS, * 
* CALORIFIERS, RS, BV APORATORS, 
CONDENSBRS, ATR HEATERS, 
STEAM amp GAS KETTLES. 
Merrill’s Patent TWIN STRAINERS for Pump 


Suctions 
SYPHONIA STEAM TRAPS. REDUCING a va 


High-clase GUNMETAL STEAM 
ATER SOFTENING and MLTREING. 44 


Tubes, ‘Tron and Steel. 
Edwin Lewis & Sons; 42s 
1, Gaanen St... Wolverhampton. 
[tubes and Jittin 


IRON AND STBE 
ape and | Paes 
WALD ST. 
BROAD STRERT CHAMBRE. SIRMINGHAM; 
and LONDON NDON OFFICE 
ROAD Staeet, B.C. 


UeR, OLD B 
LONDON WAREHOUSE Cras Tames 6Sr., B.C, 
sae 1 WARE! 


Row's 
PaTEerts. 


Lees 


INGHAM WARBHOUSES— NILE Srreer, 
" Suameroov Sra and 10, ConesHILE STREET. 


ertisement page 26. 4990 
Rwbber 





MANUFACTURERS 


Valves and Packings 


GUTTA PERCHA & RUBBER, LIMITED. 
Toronto - Canada. $211 


fue Giascow Rot.ine Stock aNp PLanr Works 


Hz Nelson & Co., Ltd. 


Builders of RAILWAY CARRIAGES, WAGONS 





Forenre, Smrrn Worx, Inow aS Brass CastTinas. 
and Chief Works: Motherwell. 

ff Office : Gordon Chambers, ae Queen Street. 

London Office: 14, Leadenhall Street, B.C. 

See Illustrated Advt, in Si * ti 


R. Heber Radford, Son¢ Squire, 


ENGINEERING, [ROW AD Stee. Works. 
Rstablisheay Valuers, over 60 years. 
CoysuLTING ENGLYEERS, Revenxss, ARBITRATORS 
aND Patent Acents. (Senior Partner, R. Heper 
Raprorp, Mem. Inst. Mechanica eers, Mem. 
Inst. Naval Architects, Mem, Iron and Steel 
Inst., ome “¥ Hag pas Institute of ——e Agents. 

Sr. James Row, SHEFFI 6545 
Telegrams: "Bh “ Radford, Sheffield.” "Telephone: 425. 


eparators 


— FOR — 
BXHAUST STEAM 
po De 8 Aly com. 


ED AIR,  &c, 
STHAM DRYBRS, 
METALLIO PACKINGS. 


Princep s & Co, 


uP PIELD. 6191 


Y arrow Patent 
ater-Tube Bolles. 


Messrs, YARROW & O0O., UNDERTAKE * 
PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the Steam Dra 
Pockets, and Superheaters for by ee and 
ree ryt vt ey Na: necessary facilities. 


Lrp,, Scotsroun, GLaseow, 
John Bellamy, Limited, 


MILLWALL, LONDON, B. 
ENERAL CONSTRUCTIONAL BwGINERRE, 


Boilers, Tanks & Moori ng Buoys 

STILL, Parene Tanks, AIR adnan igs 

neon RIVETTEeD FAM and VewTILaTimne 

Pipss, PPERS, SPECIAL Work, Rerarrs oF 
ALL KINDS, 


RAILWAY GARRIAGHS, BLEOTRIO GARB, do. 


Hs Nelson & (o- L4 


Tue Giaseow @ STook awp PLanxt W 
WELL. Od 3888 


Mechine Tools in Stock :— 


v oe Se to admit 18 ie ee 
ge a sSnafting Lat Lakitm. Geoped: 
hand PLAN Tt. by 6 ft. 6 ft. 
JAMES SPENCBR &°00.'Lrp., 4300 


Chamber Iron Works, Heli hewmen, Manchester, 


M otors for Immediate Sale: — 
iy Soot & Mecetain Ss HE aie te Monee 
, 40 Seott & Mountain. io. 
200 volte, 618 oe aoe WX tk 
2 HP. iy Boot & Mountain. 
2/6 hie 00 00 volta, Soott & Mountain, 
tw cheap. 
NINGS, 
West Walls, Newcast 


ater 














volts 





on Hes "Woightson & Co. 


LIMITED, 


See Advertisement page 30, Nov. 24. 2409 
ailway 


G witches and 


rossings. — 
T. SUMMERSON & SONS,’ LIMITED, 
Dar.ireron, 





GOLD MEDAL-Inverrions Bx A 


uckham’s Patent § 
WEIGHING Re Td pan 
ROAD ENGINEERING WORKS 
Lorwpon, B.—H Senne Grain 
See Illus, Advt. last week, page 17, 


Y Rat oe mone 
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SPU oman CUTTING 
to4ft. diam, Also I 
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( (anes (Birmingham) Limited 
183, MOSELEY STREBT, BIRMINGHAM, 
for 
Die Castings 
in White and Yellow Metal. 
Drop Stampings 


in Yellow Metal and Steel. 


“Thompson ” Stock 


5552 


Yoilers 





New Chicago Automation, 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in. through the wire feed. 


JOHN MAONAB, Many Srreer, Hype. 


Tel. No,: 18 Hyde, 5319 
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CHANTIBRS & ATELIBRS 
A 2gustin - Smell 


67, rne Enon MAVEE 


Dest: 

estroyers, Dats, Techie nee Tees ey 

NORMAND’S Patent Water-tube Boilers, Coal or 
Oil Heating. Diesel Of Bngines. 3800 
Cientrifugals. 


f| Pott, ((assels & PV illiamson, 


MOTHERWELL, SCOTLAND. 
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5466 
page 76, Dec, 1. 
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rPihe Manchester Steam Users’ 


For the Prevention of pienae Betas Explosions and 
en 
for the Attainment of in the A pplication of 
Steam. 9%, Mount Str 
Chief Engineer: OC. H. MEYER, M.1.C.B. 
Founded 1854 —— W. Farrparny. 
Certificates of Safety issued under the Factory and 
Ww Act, 1901. Compensation for Damages 
and Liabilities paid in case of . B es 
and Boilers inspected during coystruction. 5169 


A lan Glen Association. 
RESIGNATION of Dr. JOHN G. KERR from the 


HEADMASTERSHIP of ALLAN GLEN’S 
SCHOOL, GLASGOW. 








A general desire ering been expressed that 
on the occasion of Dr. Kerr's departure from 
Glasgow, former students, colleagues, and friends 
of the School should join in a tribute of regard 
to him. All who desire to take part therein 
are requested to communicate at once with the 
under-noted, who will give all information as 
to the proposed ‘arrangements for the Presenta- 
tion (whic will take place before the end of the 
year), and who will acknowledge subscriptions, 
JOHN M, CROSTHWAITE, Writer. 
207, West George Street, Glasgow, Secy, F 696 








* , 
Fst class Works’ Managers 
are invited to apply for VACANCY which 
will shortly oceur in a large Government controlled 
Engineering Works having foundries, machine 
pa air me erecting lays, specialising in high-class 
work of repetition nature, both smal! and large. 
The appointment is an important one, and a high 
sa Offered accordingly. Applicants must have 
wide experience in works organisation aud up-to- 
date methods, be strict disciplinarian, and able to 
secure maximum output; must have successfally 
filled similar position in Engineering Works of not 
less than two or three thousand hands, 
Address, in first instance, giving fall particulars, 
which will be treated as confidential, F 599, 
Offices of ByGInsenrine. 


; : 

orks’ Manager Required 

for Government controlled firm, to take 

charge of new extensions in course of erection. 

Must be able to see that erection of buildings and 

putting down of machine plant is accomplished with 

the utmost speed, and be conversant with the latest 

up-to-date machine practice for taking control of 

the extensions when completed; also must be able 

to take charge of a large body of men and maintain 

strict. discipline. Onty first-class energetic men 

need apply. Applications will be treated as strictly 
confidential. 

Address, F 600, Offices of ENGINEERING. 





A National Need. 

BRITISH SCHOOL OF AERUNADTICS. 
Aeroplanes and Airships. Construction, Design 

and Draughtsmanship. Complete Postal Courses. 

Also preparation for Exams. of Iustitutions of 

Olvil, echanical and Blectrical Bngineers. — 

PENNINGTONS, 254, Oxford Road, Manchester. 5397 


Chief Engineer of Experience. 
and capable of taking charge of large works, 
conversant with the various ty of cngines, 
boilers, motors, lighting and heating, suitable for 
the textile frade.—Address, ——s wages required, 
age and previous experionce, 666, Offices of 
NGINEERING. 





~~ STRUCTURAL BNGINBERING, 


fr Particulars of Course of 

INSTRUCTION by CORRESPONDENCH, 
write to ‘THB WHSTMINSTER BNGINEERING 
BURBAO,” 23, Old Oak Road, Acton Park, sige 7 
Ww. ] 








TENDERS, 
TO.MAKERS AND USERS OF LOCOMOTIVES 
The MINISTRY OF MUNITIONS are prepared to 
receive 
1 
ffers for New or Good 
Second-hand SHUNTING LOOCO- 
MOTIVES of various sizes, 

The following information must ecconipen each 
offer, which must be addressed to Mr, HUBERT 
BAINES, Deputy Chief Engineer, H.M. Office of 
Works, King Charles Street, Whitehall, London, 
S.W.:—Type, size and weight; maker's name; 
when builé; when and by whom last overhauled; 
condition ; price. 

H.M. Office of Works, &c., 
29th November, 1916. 


F 627 


“TO MAKERS AND USERS OF STEAM 
LOCOMOTIVE CRANES. 


The MINISTRY OF MUNITIONS are prepared to 
receive 


MRO": of Good Second- 
: HAND STBAM TRAVELLING 


CRANES of various sizes. 

The following information must accompany 
each offer, which should be addressed to. Mr, 
HUBERT BAINES, Deputy Chief Engineer, H.M. 
Office of Works, Storey’s Gate, estminster, 
London, S.W. <r :~—Lifting power, whether 
2, 3, or 5 tons; radius of maximum lift; maker's 
name; condition; where seen; price. All for 
standard gauge only. 

H.M. Office of Works, &c., 

llth December, 1916. il 





° = - 
Ass istant Engineer 
REQUIRED for service in the 
Public Works Department, Straits 
Settlements, to prepare quantities, specifications 
and estimates for,and to supervise the erection of 
public buildings, roads, bridges, and other public 
works. Engagement for three years, with possible 
extension. lary, £360-£16£430, with a duty 
allowance of £75 per annum, Free ssages. 
Candidates between the ages of 25 and 35, un- 
married, who have passed the A.M.1.C.E, examina- 
tion, and also that held by the Institute of Municipal 
and County Engineers, and who have had at least 
three .years practical experience (exclusive of 
pupilage) as an engineering assistant, should apply 
at once by letter, ia! full particulars to Messrs. 
GREGORY, RY LES & WARING, 12, Dean’s Yard, 
Westminster, 8.W., quoting M/3123, No person 
engaged on Government work or eligible for the 
Army need apply. F 738 
. _ 
K ngineer Foreman _ for 
Controltied Works ; capable of super- 
intending repairs and erection of boiler works 
plant, and take charge of small fitting shop, 
making-up pressing, and rolling machinery; one 
with some knowledge of electric motors, hydraulic 
presses and gas engines preferred; permanent 
position to right man. State age, wages, and 
experience, for Wolverhampton district; no one 
on Government work need apply— Appl , nearest 
LABOUR BXCHANGH, mentioning t Journal 
and F 586. See 
efrigerating Engineer 
WANTED ; experience, with ammonia and 
first-class Board of Trade Certificate desirable. No 
one already engaged on Government work or eligible 
for military service need apply.—Send particulars of 
experience, with age, and state if married, to **T,” 
BOX 252. T. B, Brown’s Acivertising Offices, 163, 
Queen Victoria Street, E.C. See S| 
: : _ " 
j‘ngineer, with Practical Ex- 
perience, WANTED for manufacturing 





THE CROWN AGENTS FOR THB COLONIES 
on behalf of the Government or TRINIDAD, are 
prepared to receive from Merchants and others 


(Jrenders for the Suppl 7 
of 3000 Pairs of FISHING PLAT 

for 565 Ib. Rails, and 2000 Pairs of Fishing 
Plates for 60 lb. Rails ; these may be of any suitable 
section, and stock material will be considered. 
Particulars can be obtained on application to the 
Consulting Hngineers, Messrs. Gregory Ey.es anp 
Wartna, 12, Dean’s Yard, Westminster. 

Tenders must be accompanied by fully dimen- 
sioned drawings and particulars of the Fishing 
Plates offered. 

Tenders should be submitted to the CROWN 
AGENTS FOR THE OOLONISS, 4, Millbank, 
Westminster, 5S.W., on or before noo. Friday, 29th 
December. The following reference to be quoted : 
W/Trinidad Rly., 534/2. F 710 


APPOINTMENTS OPEN. 
UNIVERSITY OF LONDON. 


The Senate invite 


A pplications for the 
‘ IVERSITY READERSHIP in Graphics 
and Structural ecm angen Oe at University 
College. The salary will £350 a year. ) The 
Senate desire a yw to date from Jannary, 
1917, but it will be deferred, if. necessary, to 
September, 1917. — Applications, ther with 
copies of not more than three testimonials, and the 
names of not more than three persons to whom 
reference may be made (ter copies of all documents), 

must be ved not later than first post on Mond: 

lst January, 1917, by the ACADEMIC REGISTRA 
Uni ersity of London, South Kensington, 8.W., 

from whom further foulars may be obtained. 
ALFRED PRARCE GOULD, F7 
Vice-Chancellor. 














eneral Manager Required. 
There is a VACANCY in a large aeroplane 
manufacturing firm (1000 employees) for a reall 
Capable General Manager. he appointment 
ae only to those who have successfully filled a 
simijar position, and who are highly ex ed in 
the general organisation and administration of an 
en viectan | works and offices, The ered 
is sufficiently high to attract applicants of first 
merit.—Wrile, in first. instance, to 1271, SELL's 
Advertising O 


fices, Street, London. 
correspondence will be treated with strict con- 
fidence, F 





CAP yy ge 


in Africa. _High ground.—Write, stating 
age, experience, and salary expected, to G.S., care 
ot J. W. Vickers & Co., Ltd., 5, Nicholas a 
; 
K ngineer, Mechanical, with 
good knowledge of constructional work, to 
estimate costs, su ntend correspondence, and 
control designing of runways, telphers, hand cranes, 
and other lifting machinery, at a Controlled Works. 
~Adaveas, F734, Offices of BNORECRING.- 


Filectrical and General 


ENGINBER WANTED as tutor; mast have 
good qualifications and be ineligible for military 
service. Salary commences & annum.— 

The OVERNORS, Bemeit College 
id. 700 


ly, 

el 

Shoal P 100 

Eagineer Wanted, accustomed 

to Factory work, by Leather Manufacturers 

in London, to control steam, mechanical, and elec- 

trical equipment of three factories. Salary £200 to 

£300 per year, according to abilities and experience. 
Address, F 698, Offices of ENGINEERING. 


Eagineer, Working, Wanted 


for steam laundry, suction yes plant, electric 
lighting, able todorunning repairs an: 

machinery.—Write, stating age, wages, and refer- 
ences to 1269, SELL’s Advertising Offices, Fleet 
Street, B.C. F 699 


Pyrsineerin Buying Office.— 
BOCHNICAL ASSISTANT. REQUIRED. 
Suitable vacancy for a young man with some know- 
or tg an engineering works office, drawing office, 
mo! repair shop, or similar experience. State 
salary required, a 








keep in order 


details of experience, and 
when free tostart. No person resident more than 
10 miles away. or — ed on Government work 
will be \ cngaged. —HANDLSY PAGE, Linrrzp, 
Cricklewood, N. W. F713 


W anted, Young Graduate or 

Whitworth Bxhibitioner, with some shop 
experience, to assist engineer. Birmingham dis- 
trict. No person already employed on Government 
work will be engaged.—Apply, nearest LAB! 
EXCHANGE, mentioning this Journal and F 719. 


A rehitect’s Draughtsman 
REQUIRED for saginvering works. No 
rson a on 





it | rear Sree ence or ne 


age, and sa 
nearest EMPLOYMENT 
this Journal and F 733, 


OUR UeCHANGE. quoting No. A 2654. 








Must be thoroughiy experienced Wr the purchasing 
iy ex) the 

of ng ar Kan any tools and stores; have 
previously belda similar Repentnas with a firm 
of engineers (not necessarily on aireraft work) of 
recognised standing, and must be capable of taking 
complete control of the department. To a man 
possessing enterprise, energy, initiative and 
organising ability, the position affords excellent 
pros * of advancement. — Applications (which 
will eget ea eeeeennwutiel), stating age, previous 
training dnd experience, present employment, and 
salary required, should be addressed, F 721, Offices 
of LNGINEERING. 


Production Expert Wanted, 


in a Government controlled establishment 
engaged on the manufacture of Motor Transport 
Vehicles. Hxperience in the modern methods of 
uction and the designing of Jigs, Tools and 


ixtores essential. 

Applicants should opel to the nearest EM- 

Sao Soetmeag a on giving jeulars of 
mee, age and sa) wired, mentions 

this Journal and No. A port § “ = 

No man at present on Government work need 

apply. F 642 


ngineer Draughtsman, 
having experience in the design of chemical 

plant and chemical works generally, and capable of 
estimating both capital and operating coste of 
installations, The work will primarily relate to the 
manufacture of nitric acid from atmospheric nitro- 
en. No person already on Government work will 
engaged.—Apply your nearest EMPLOYMENT 
EXCHANGH, quoting No. A2641. F70L 


Wanted, Experienced Steel 


WORKS DRAUGHTSMAN, for melting 
furnaces. and gas producers’ work.—Apply, statir 
age. =< and experience, to your nearest RuPLOY. 

ENT BXCHANGH, mentioning No. A 2689, No 
person already on Government work will be 
engaged. F 706 

Tr 

W anted, -Draughtsman for 
the mechanical oe of large electrical 
direct current machines. obedy engaged on 
Government work will be aceepted.—Write or spely 

to the nearest BOARD OF TRADE BMPLOYM 
ayes: mentioning this Paper and oan 
636 


2631. 
]taughtsman.— Wanted, for 
i 


gs, Tools and Fixtures for Automobile 

details in Goverament controlled establishment. 

ee experience essentjal, State age and salary 

uired, : 

4 man at present on Government work need 
apply. . 

plications in the first instance, should be 

made tothe nearest BOARD OF TRADE EMPLOY- 

MENT EXCHANGE, mentioning this ra 

7 64 














No. A 264 
Wx ted, Mechanical 
DRAUGHTSMEN used to general engin- 
eering and detail work of steam mt, for large 
en ng firm, Manchester district. Must 
ineligible for army. Goo opportunity for first- 
elass men, Apply, stating pees age and 
oo? a age to your nearest EMPLOYMENT 
EXC€ GE, mentioning this journal and F 676. 
No person already on Government work will be 


engaged. 
raughtsman, ‘good mechani- 


eal, preferably with experience of steam 
turbine design. No man on Government work need 
apply.—Apply, stating qualifications, age, salary 
required, and earliest date can commence, to ier 
nearest BOARD OF TRADE EMPLOYMENT 
ay remap mentioning this 
267 6. 





Paper and No. 
F 665 


]pr2ughtsman Wanted, — by 


firm of Mechanical. Engineers, London dis- 
trict, with general enginee: 


ex mee; good 
salary, according to experience. Noone employed 


on Government work will. be en — ly, 
nearest LABOUR EMPLOYMENT SXCHANGE, 
quoting No. A 2708. F 725 


W anted, Draughtsman for 


works office, small tool and general work, 
Birmingham district. No m already employed 
on Government work will be engaged.—Apply, 
nearest LABOUR EXCHANGE, mentioning this 


Journal and F 718. 
]taughtsmen Wanted for 


steam power plant, elevators and conveyors, 
structural ironwork and water supply schemes. 
War work. eos gto already employed on Govern- 
ment work will be engaged,—State experience, 











3! or dock preferred. —- Address, F 711, 


7 8 - : — ————— a 
anted, a First~elass 
. DESIGNER of smalland medium size A.C, 
and D.C. motors, for the London ao enna : 
one with American and Continental ex: ee, and 
who ioe teerinesiy developed com I of 


Good opening for a thoroughly experienced may. 
a already eng tat Giieesteent ane: ES 
worane or c- lt your nearest-EMPLOY- 
MENT EXCHANGE, giving full particulars ai, 
copies ot testimonials, stating salary required age, 7 
and when at liberty. and quoting . Berd 
anted, .for Controlled 
Works, FOREMAN over heavy and mecliuin 
and machines on hydraulic work and gas 
No one already employed on GovernmoA: 
work will be engaged.—Apply, Stating previous ani 
present. employers, » and salary, 
Bi? 


age, a 
jour nearest LABOU R EMPLOYMENT 
HANGE, mentioning this Journal and F673 


Hypgineering Pupil.— Vacancy 
with Firm (Government Contractors) manu- 
facturing latest ore of machinery, oil and gas 
es, &c.; moderate premium.—Address, 6521 
ces of ENGINEERING. : 


lathes 
en, 





Large Firm of Engineers, 
in the Midlands, have an OP Ni 
YOUTH of good education as peaaiam pont the 
course to include both works and drawing office.— 

Address, 4359, Offices of HNGINERRING. 








SITUATIONS WANTED. 
Foundry Manager = Desires 


POSITION, Marine, tool and general enci 


neering experience.—Address, F 715, Offices of 
ENGIKEERING. 


M echanical Engineer (36), 
experienced draughtsman and designer ; six 
years chief, DESIRES responsible PUSITION, 
either insideor outside. Energetic, good organizer, 
excellent references.—F 655, Offices of EyGINEERING. 


A Civil Engineer, with Dip- 

loma, DESIRES POSITION of Trust in 

manufacturing works as supervising engineer or 

technical correspondent ; knows French; has had 

8 l experience with power presses.—Address, 
32, Offices of ENGINEERING. 











Ppiant and Maintenance En- 


gineer, mechanical and electrical, experienced 
chief draughtsman, designer and erector heaviest 
steam turbine practice, electric power stations, Eli 
QUIRES responsible POSITION, highest creden 
tials, ineligible.—Address, F 720, Offices of Exei 
NEERING 

Tr 


D aughtsman, over Military 
age, REQUIRES WORK in Lenten. railway 
fiices of 





BNGMEERING. 








PARTNERSHIPS. 


Partners 
Directors 
Businesses 
Factories 
for these apply to 
WHEATLEY KIRK; PRICE & OO., 
46, Watling Street, LONDON, E.O. 
Albert Square, Manchester. 

26, Collingwood Street, Newcastle-on-Tyne. 


see 
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PATENT AGENTS. 


DESIGNS anp TRADE MARKS 
atents IN ALL COUNTRIES. 


E. P. Alexander & Son, 


QHARTERED PATENT AGENTS, 
306, HIGH HOLBORN, LONDON, W.C. 
(Established 18764.) 


Telephone : Central 7424. 


-j onsen and Son, iad 
CHARTERED PATENT AGENTS. 
ew 1867). British, Colonial, and Foreign 
tents, and Trade Markeand gw aoe ions 
71. Chancery Lane, London, W.C. Tel.: Holborn 1249. 


john E. Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne's Cha: 4995 
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when at liberty, and salary required to 
EMPLOYMENT EXCHANGE. quoting No. >. 





anted, for Government 

Work at York, One or Twoclever and quick 

young DRAUGHTSMEN of good training, for high- 

class engineeri work. o person already. on 
Government work will be engaged. 

age, experience and w required, 

PLOYMENT EXCHANGE, mentioning - No. 

A 2702. : F 730. 


™m g 
Tothill Street, Westminster, 5.W. 








WANTED, &c. 


[ihe Proprietor of the Patent 


No. 28751, of 1913, for “Improvements in or 
relating to Grabs,”is DESIROUS of ENTERING into 
ARRANGEMENTS by way of Licenseand otherw ise 
on reasonable terms for the purpose of exploiting 
the same and ensuring its full development and 

tical working in this country.—All commu- 








rau ghtsman, preferably with 
steel works experience, WANTED for Con- 
trolled Iron and Steel Works on 
Coast.—Apply, nearest LABOUR 3 
stating , experience, and salary required, 
uot: Wo. A 2705. Men already employed on 
Government work need not apply. _ FP 731 


anted, Several Jig and 


jigs, fixtures, tools and for repetition work. 
er eee cn eeaekan woth, wall bs 
Apply, your nearest recancemey 7° 


W anted Lady Tracers, or 
with in Detail Drawing, &c.; 

must be quick. accurate. Noone emplo 

Government work will be 








lease | Ex] 


nications sheuld be addressed in the first instance 
to HASELTINE, LAKE, & UO., Chartered Pat: 
Agents, 28, Southampton Buildings, Chancery L«: 
London, W.C. F 723 


French Engineer, speak ng 
33 





Bnglish, established at Rheims (France) '0r 
ears, TS, after the War, BXCLUSI\E 
CIES for machine-tools for wood and metal ; 


too for all industries; 


‘inds 
ad Eeamenae = Hmplo three travellers ‘or 
the North, Hast and West of before the Var. 

Address, JEAN RAVATIN, Officier d’Adminis: ra- 
tion, 1, Rue du Pistre, Lyon, France. 0 F 8 
Firm of General Engineers 
ents and Bxt«n- 
oy ay ts ES to CONSUL! an 

BXPE 


correspondence from qualihed.geatiem nee 





sions of their same, and inv'es 
en. 





address, X Y Z, Box WILLises, 125, Strand, 
w.c, F 727 
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SHOPS.—No. VIII. 
By JosErH HORNER. 
Tue illustrations of workshops which accompany 


the present article show examples of the latest and | 


most advanced practice of tool and gear making, 
in which laboratory work and microscopic exami- 


nations go hand in hand with the heat treat- | 


ments of the hardening department. The firm of 
E. G. Wrigley and Co., Limited, was commenced 


ENGINEERING. 
factories, the ‘older one abutting on Foundry-lane, 
the later one—completed last March—facing Anne- 


road. The plan shows how space is hampered by 
adjacent workshops. For this reason the new 


works are built with three floors, with a basement | 


used as a test house, while the older works has 
a ground floor arrangement. A second wing to 
the new factory is now in course of erection, 
occupying a portion of the area seen at the right 


hand of Fig. 56. Quite recently it has been | 
|decided to build the whole of the Anne-road 


’ by Mr. E. G. Wrigley in premises off Aston-road, | 


frontage and another wing, which will approxi- 


Soho, Birmingham, in July, 1897. The original | mately double the new works. The whole of the 


‘The ground floor of the No. 2 wing is laid out as 


steel stores, as shown in Figs. 57 and 58 on 
page 576. We shall refer to this department 
later on. aN 
The basement of the Anne-road factory is arranged 
as a test-house. It is provided with a large test bed 
made of }}-section girders, set in concrete. Suitable 
switch-boxes are provided for motors, and a pipe 
line is laid down to convey water, supplemented by 
a proper drainage system. This building is served 
by two lifts, an Easton lift which serves the three 
main floors, and a Medway push-button control lift. 
This is found necessary owing to the difference in 
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business comprised the manufacture of small tools,| extension is due to the automobile business ‘of 
twist drills, milling cutters, &c., in addition to|the firm, as they have sufficient space to cope 
which the firm did gear cutting for the trade. | with the small tool productions. The new building 
When the business was getting into swing the will be put up on the same lines as that already 
automobile was becoming popular, and one result erected. The bottom floor will be used as a fitting 
of this was the large amount of attention that was shop, and the two top floors as machine shops. 
devoted to the small high-speed gears for motor! In the older building the offices face Foundry- 
vehicles, \lane. The general arrangements of the shops will 
_ Within five years a migration from the original | be understood by a reference to Fig. 56. The shops 
site became necessary, and in 1902 the works were | have an area of 30,000 sq. ft., all of which is occupied 
femoved to the present position in Foundry-lane. by machine tools. The offices have a floor area of 
Mr. J. D. Steven was installed as manager in 1906, 13,700 sq. ft., and the outbuildings in which the 
ecoming shortly after managing director. Under heat-treating plant is installed cover an area of 
a supervision the works have developed rapidly | 10,000 sq. {t. The new storied factory opened in 
q along very definite lines. The gear-cutting depart- March last has a floor area of 30,600 sq. ft. This 
7 ment has grown into one of much importance, building is of reinforced concrete, and the work 
4 oF Sal small tool factory has been very greatly located on the several floors is stated on the drawing, 
ended. 


The plan, Fig. 56, on the present page, shows two which will give an added area of 19,000 sq. ft. 


Fig. 56, as is that of the No. 2 wing, nearly finished, | 


level between the old and the new works. By 
means of the lifts and a number of Cowan trucks 
a very efficient transport service is arranged. The 
despatch bay is fitted with a power-driven hoist 
by Herbert Morris and Co., Limited. 

The floors throughout the works and offices are of 
maple, laid on an underfloor of deal, which is set in 
bitumen on concrete. This makes a firm and hard 
floor which renders transport easy. The lighting is 
done with half-watt electric lamps, which give a 
good diffused light. Originally the machines and 
benches were provided with individual lights. The 
lighting circuit takes alternating current at 110 
volts. 

Electric driving is universally employed. It was 
installed in 1912, prior to which power had been 
supplied by three gas engines. The current is 
three-phase alternating, 440 volts for the power 
circuit. Electric motors are standardised at 20 








576 : es 
and. 25 h.p. ‘They are interchangeable, so that in | Bickford Company, A. Herbert, and multiple drills 
the event of a breakdown a spare can be rapidly | by Pratt and Whitney, and Fox. 
installed: The majority of the machines are belted, machines are by Messrs. Churchill, the Universal by Messrs. Ward, and a shaping machine by Flather. 
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but a number have individual motors. All the line|Tool Company, 
shafting in the Anne-road shop is of a standard size, | Dickenson. 
and runs in Hoffmann ball bearings. 


A. Herbert, Rochester, 


‘drill grinding ‘machine, and a Lumsden No. l 
The boring oscillating tool grinder. There is a planing machine 





__[Dec. 15, 1916. 


and | Drilling machines by Rice, and Ward, are also 
|included among other machines of the types 
The gear-cutting department, Fig. 61, page 588, | usually found in tool rooms. 


In the gauge room 


Provision is made for ventilation and heating. | is provided with a battery of Brown and Sharpe | adjacent there is a Pratt and Whitney measuring 


Part of the Foundry-lane works is ventilated by a | machines of various sizes, a number of the Wall- | machine. 


The instruments for measuring thread 


modification of the plenum system, the other part | work worm-gear cutting machines, 15 Bilgram gear | gauges are made on the premises to the company’s 
being ventilated by means of draught induced | planers by Reinecker, three Gleason bevel-gear | own designs. ; 


by fans, and heated by means of hot water circu- | planing machines, and seven Fellows gear shapers, | 


In the small tool department view room, Fig. 62, 


lation. In the Anne-road building the heating is by | shortly to be augmented. Also with some thread- | page 588, enclosed by expanded metal, the work is 
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Fig 58. 





fete) 


Fies. 57 anp 58. Lay-Out or STeex Srores. 


low-pressure steam. The ventilation” is natural | 
and extremely good. It should be borne in mind 
that the bays are 12 ft. 6 in. in height from floor to | 
floor, and only 45 ft. in width. In the ground floor | 
the height is 20 ft. 

The arrangements of some of the principal depart- 
ments can be studied in the photographs in sub- 
sequent figures. The latest scientific researches are 
being translated into the everyday practical work 
of the factory. The location of these departments 
is, as we have already stated, denoted on the 
general plan, Fig. 56. 

A metallurgical department is in charge of an 
expert chemist, who has control of the heat treat- 
ment. The preparation of specimens for the micro- 
scope and their examination and photography | 
occupy another department. The heat-treatment | 
shop, Fig. 59, annexed, is provided with furnaces | 
by Brayshaw, Richmond, Wright, Brown and | 
Sharpe, and Gibbons. The sand-blast apparatus 
is by Tilghmans. The Brinell hardness test is | 
employed. 

The ground floor buildings abutting on Foundry- | 
lane are covered by seven saw-tooth roofs supported | 
on rolled joists. They include the turning, milling, | 
drilling and boring, and gear-cutting shops, the tool 
room, and the view room. 

The turnery, Fig. 60, page 588, comprises long | 

















vistas of lathes by the leading firms, Messrs. | 
Herbert, Ward, Jones and Lamson, Dean Smith | 
and Grace, Tangye, Pratt and Whitney, and the | 
American Tool Works. There are eight Potter | milling machines by Pratt and Whitney, various 
and Johnston automatics, two La Pointe tension | makes of tooth-rounding machines, and a Parkin- 
drifting machines, and Archdale thread-milling | son self-recording bevel-gear testing machine. 
machines. These are all driven by belting. Two| The tool room is a large department, and of first- 
36-in. Bullard vertical-lathes are fitted with their |class importance in a works of this character. 
own motors. |It is an extensive machine shop in itself. Here 
The milling department is equipped with machines | are lathes by Pratt and Whitney, the American Tool 
by Messrs. Brown and Sharpe, the Cincinnati | Works Company, the Hendey Company, and the 
Company, A. Herbert, Becker, and the Rockford | Bradford Company. The Gisholt Company and 
Company. In the drilling and boring shop are | Brown and Sharpe grinding machines are in evidence, 
machines by Asquith, Muir, the Cincinnati Company, |a@ Brown and Sharpe surface grinder, a Heald twist- 








Fie. 59. Tue Heat-Treatment SHop; Mzssrs. E. G. Wrictry anp Co., BrmMIncHAM. 


done mostly by girls, who are provided with seats 
and are adept in the use of the gauges. Automobile 
parts are viewed by men, being less of a standard 
nature. A Brown and Sharpe spur-gear testing 
machine forms a part of the equipment. 

The smithy is not a large department, because 
the majority of the tools are manufactured from 
rods. Stampings and forgings are bought in 
quantities from specialists. The work done there 
consists chiefly of millwright’s requirements for the 


| shops, tool-making, experimental work and odd jobs. 





Dec. 15, 1916.) 
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A 3-cwt. pneumatic hammer by Messrs. B. and A. 
Massey is provided, driven by its own motor. 

The departments comprised in the newer portion 
of the works are marked on the plan, Fig. 56, 
page 575. Here the fitting shop, of which a view 
is given in Fig. 63, page 588, is divided into bays, 
each having its own axle or gear-box speciality for 
assembly. Messrs. Wrigley make large numbers of 
these boxes, fitted complete for commercial and other 
vehicles, all self-contained and ready to be put into 
place. As will be seen by the photograph, Fig. 63, 
the benches are ranged across the shop, with a wide 
gangway down the centre. Each bench has several 
vices and drawers, shelves below and a convenient 
backing above. The walls are occupied wholly 
by windows, except for the necessary masonry 
columns that go up to the roof and partly support 
the floor joists, which are carried at the centre by 
built-up columns of H-section. A hand crane and 
Cowan trucks serve for transport. A Tangye 
wheel press is used for forcing axle sleeves into 
castings and for similar purposes. 

The small tool department includes that for the 
manufacture of cutters and that for twist drills. 
The total area is 13,150 sq. ft., shortly to be increased 
to 19,230 ft. The cutter department is provided 
with lathes by Messrs. Archdale, Herbert, Ward, 
Smith, Barker, and Wilson. The relieving and 
backing-off lathes are of the Reinecker types. The 
grinding machines are by Guest, Reinecker, Arch- 
dale, Brown and Sharpe, and others. The milling 
machines are by Brown and Sharpe, Parkinson, 
and the Cincinnati Company. In the twist drill 
department, lathes by Ward, Archdale, Hunt, and 
Reinecker figure largely. The grooving machines 
are of Messrs. E. G. Wrigley’s own design, and some 
also by Reinecker. A large group of Lincoln milling 
machines is to be seen. The grinding machines are 
by Brown and Sharpe, Churchill, Guest, and others. 
There are view rooms to each side of the works. 

The amount of tool steel used in these works is 
enormous. The ground floor of the No. 2 wing, 
now approaching completion, is laid out as a steel 
stores, seen in elevation in Fig. 57, and in plan 
in Fig. 58, page 576. The equipment includes 
bins or racks built of steel, arranged down the 
centre to carry the steel rods, and covered and 
served by a light overhead travelling crane. A 
row of hacksaws is ranged along one side, driven 
from shafting along the wall actuated from a 
motor at the centre of the length. The saws hit 
and miss (see Fig. 58) in order to avoid interfer- 
ences of the rods being cut. They include machines 
by Messrs. Charles Wicksteed and the Fortuna 
Company. There is also a Butler rotary cutting-off 
machine and a Davis machine. 

Messrs. Wrigley are justly proud of these works, 
which have been and are still in course of develop- 
ment on the most advanced lines. The works force 
at present consists of 618 employees, of which 142 
are women. The office staff includes 63 men and 
49 women. This is a large proportion to the works 
force, and is a result of the high specialisation of the 
firm’s products and of the rather complicated 
organisation. The card index and loose leaf 
filing system is adopted. The great secret of 
managing such a business lies in the systematisation, 
which can be rapidly extended in any direction, 
and which is so flexible that rapid changes can be 
readily accommodated. 

The welfare side of the organisation is recognised. 
A canteen is provided for the works employees, 
which will accommodate 300 men and 150 women. 
Bubble fountains are provided on every floor for 
drinking purposes. The lavatories have white 
glazed open earthenware troughs with rose taps, 
so that perfectly clean water can be used for washing 
purposes. A mixing valve under the control of the 
lavatory attendant ensures that the water is at a 
suitable temperature. There is also a large staff 
‘mess-room and separate kitchen. 





RUBBER. 
THE present time is hardly opportune for the 
publication of researches on rubber. Researches 
are going on and are presumably very active on 


"" the Continent... But results of industrial value are 


less likely than ever to be published, and it must be 


acknowledged, moreover, that the solution of the 
synthetic rubber problem seems once more to be 
restricted to its scientific interest—if we may 
disregard war conditions. Things looked very 
different ten and five years ago. It had then been 
established that certain synthetic products were 
identical with, or at least very similar to, caout- 
chouc. various investigators claimed to have pre- 
pared artificial rubber, and the lull that subsequently 
set in in the rubber boom was not unnaturally 
regarded in some quarters as the usual period of 
quiet development which intervenes between the 
general solution of a technical problem and its 
industrial application. But the activity in rubber 
synthesis had really suffered a severe check because 
the commercial incentive had gone. Up till 1910 
rubber prices had been rising, reaching 12s. 6d. 
per lb. in that year. With cheap raw materials— 
and all sorts of materials were being tried—capital 
could be risked in developing industrial rubber pro- 
cesses. The increasing importance of rubber, how- 
ever, and the ruthless depletion of the rubber stores 
of Nature had not failed to stimulate an energetic 
extension of rubber plantations. In 1901 the 
Malay States had not started to plant rubber, and 
only 2,500 acres were under rubber in Ceylon; by 
1912 the figures were 621,000 and 230,000 acres, 
and the bulks of rubber exported had risen from 
0 and 35 tons in 1901 to 18,956 and 6,697 tons in 
1912. The world’s supply of plantation rubber 
was estimated at 28,500 tons in 1912 and at 98,000 
tons in 1915. With the increasing supply rubber 


The polymerisation of isoprene, especially the 
spontaneous auto-polymerisation to something like 
caoutchouc, is a slow process. Wallach (1887) 
hastened this auto-polymerisation by ‘to 
light; Pickles, 19] 2, observed that isoprene kept in 
bottle (mostly in the dark) for 3} years turned into 
@ syrup which coagulated on the addition of alcohol. 
Harries, 1910, treated isoprene with glacial acetic 
acid in sealed bottles to hasten the polymerisation, 
and was still more successful when treating isoprene 
with metallic sodium in the cold. The amount of 
artificial rubber so far prepared being probably very 
small—nothing is known as to the success of the 
processes of the Elberfeld and Ludwigshafen dye 
firms—and all artificial rubber being of recent 
origin, the practical question—how long will 
the so-called artificial rubber behave like natural 
rubber, vulcanised or not ?, can hardly be answered, 
and chemists have to rely on the chemical reactions 
of natural and artificial rubber. Harries, who has 
specially studied the reactions, suggests that two 
chemical molecules of C,H, are united to a physical 
molecule, the latter being itself polymerised to an 
unknown extent in the caoutchouc. Pickles thinks 
that C,H, molecules unite to a long chain or ring, 
and that the number of molecules is indefinite and 
not the same for different kinds of rubber. There are 
other suggestions, and Caspari finds that wild rubber 
and plantation rubber differ and contain two 
varieties of caoutchouc; considering the great 
differences between the same wild and cultivated 





plants, flowers, fruit, &c., that is not at all improb- 


prices went down steadily, to 2s. 4d. in 1915, and the | able and further complicates the problem. It is 
prospects of synthetical rubber became more and indeed doubtful whether caoutchouc is really one 
more problematical. Yet there is need of research. homogeneous substance ; its colloidal nature renders 
For it is not only the main problem, the synthesis | investigation very difficult. 
of rubber, which remains partly solved only; there, The study of different raw materials indicates, 
are many other problems connected with rubber, | moreover, that rubber-like substances are not all 
the bearing of which cannot be foreseen. That the | of the isoprene type. Some of the most satisfactory 
subject may be discussed at present is shown by the artificial rubbers seem to be of the butadiene type 
fact that two papers were recently read before the C,H, This substance is also known as erythrene or 
Edinburgh Section of the Society of Chemical divinyl, and being characterised by a double bond 
Industry, one by Mr. B. D. W. Luff, F.LC., on | like isoprene it readily polymerises too; but it 
“ Rubber Synthesis,” and one by Mr. B. D. Porritt, can hardly be expected to polymerise to a com- 
F.LC., on “Raw Materials used by the Rubber pound (C;H,)» Many materials have been tried 
Manufacturer” (see Journal of the Society of in the manufacture of artificial rubber, as we 
October, 1916). | have stated already. Rubber itself and turpentine 
Rubber has interested eminent chemists for little ate too expensive for anything but scientific 
short of 100 years. A. Bouchardat, Dalton and research; yet turpentine products figure in arti- 
Liebig were among the early investigators. Greville ficial rubber recent patents, partly in connection 
Williams, distilling rubber as Barnard had done in With waste rubber (G. Reynaud). Sabatier used 
1833, isolated in 1860 from the crude distillate aliquid |cresols, which can hardly be spared at present. 
which he called isoprene and which slowly turned | W. H. Perkin, junr. (1912), fermented starch in such 
sticky, and other hydrocarbons. G. Bouchardat ® manner as to yield mainly butyl alcohol, which he 
converted the liquid isoprene, by treatment with | Converted into butadiene. When the fermentation 
hydrochloric acid, into a solid which did not contain of starch is so conducted as to give ethyl (common) 
chlorine and resembled caoutchouc. Tilden, in | alcohol, and part of this alcohol is oxidised to alde- 
1882, showed that this conversion was of the nature | hyde, the mixture of vapours can be converted into 
of a polymerisation (the union of a number of | butadiene by withdrawing the elements of water. 
relatively simple molecules of a body to a compound | This can be effected in many ways, and Ostromys- 
molecule), and that isoprene could also be obtained, | lenski described in 1915 as many as 29 methods for 
in very small quantities at any rate, by passing Obtaining erythrene or isoprene from alcohols, 
turpentine vapours through hot tubes, a kind of | aldehydes and other organic compounds. The 
cracking process. Euler then, in 1897, succeeded cracking process of A. Heinemann,* which was 
in preparing isoprene synthetically, and his re- demonstrated in London at the Rubber Exhibition 
searches and those of Ipatiew settled the constitution |0f 1911, also started from alcohol obtained from 


of isoprene, which is regarded as 8-methyl divinyl, 
an unsaturated hydrocarbon of the formula CsHs = 
CH, : C(CH;) . CH : CH,, as proposed by Tilden. 
Since then research has been proceeding in two, 
or rather four, main directions. First to find out how 
many molecules of isoprene are polymerised in the 
essential constituents of caoutchouc, assuming this 
constituent to be (CsHs),, in other words, to deter- 
mine the unknown <; and further to ascertain the 
character and importance of the other regular 
constituents of rubber, which are considered as jess | 
important than caoutchouc, though not as un- 
essential. The second line of research concerns the 
raw materials suitable for the preparation of 
artificial rubber, and, as already pointed out, the | 
| fall in the prices of rubber has rendered that problem | 
|more and more difficult. The third problem is the 
vulcanisation of rubber. Technically that problem 
has long since found a solution, or several solutions ; 
but scientifically vulcanisation is still little under- 
stood, and as long as that remains so, there is little 
hope of success being realised in the recovery and 
regeneration of waste rubber, the fourth big problem. 





| 
| 








| carbohydrates like starch, cellulose, sawdust, &c. 


Other processes aim first at the production of 
laevulinic acid, which is intimately related to caout- 
chouc. All sorts of resins, oils, the latex of many 
plants, fish, &c., have been suggested as raw 
materials, both for making rubber and rubber 
substitutes. 

So far we have not mentioned the constituents of 
rubber which are not hydrocarbons. There are, in 
addition to about 94.5 per cent. of caoutchouc in 
washed and dried rubber, about 2.5 per cent. of 
resins and 2.5 per cent. of insoluble nitrogenous pro - 
teids and other organic compounds, besides 0.25 per 
cent. each of ash and of moisture. It is not justifiable 
to speak of these constituents as impurities; they 
strongly affect the behaviour of the rubber exposed 
to the influences of oxygen and light, of time and 
mechanical stress, and when treated with other 
substances. The removal of these additional con- 
stituents would be both very difficult and, un- 
desirable. The resins to a certain extent prevent 
the oxidation—ozonisation it was called by the early 


* See Excrvgerine vol. xeii, page 15 
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investigators—to which rubber is liable ; they also | 


play a part in vulcanisation. That the proteids do 
so likewise has recently been established again in 
the agricultural department of the Malay States by 
Eaton and Grantham, who find that plantation 
rubber and wild rubber differ in their percentages of 
proteids, that plantation rubbers fluctuate in this 
respect more than wild rubbers, and that for this or 
other reasons the vulcanisation of plantation rubbers 
cannot so easily be conducted on standard lines. 
Whether the inferior strength under mechanical 
stress sometimes ascribed to plantation rubber is 
merely a consequence of the more difficult and less 
efficient vulcanisation remains to be seen. In- 
efficient vulcanisation is certainly responsible for 
much trouble with rubber goods. 

Rubber has been vulcanised since Goodyear 
mixed it with sulphur in 1839. Pure rubber is 
hardly used at all; it is affected by light, though 





and certain organic compounds belong to this class. 
With their aid it is possible to vulcanise in the hot 
at a comparatively low temperature and to correct 
the vulcanisation of materials which require different 
treatment for the outside and inside or for different 
parts. = 

We will not enter into rubber reclamation, and 
the still unattained rubber regeneration—it is too 
big a subject. There are.many unsolved problems 
quite apart from the artificial rubber question. 
We are by no means. anxious to replace aatural 
rubber by some factory product. On the contrary, 
the natural product is preferable, provided it | 
can be raised in plantations under humane and 
healthy conditions. We have had enough of rubber | 
horrors, which, for all we know, may not be sup- | 
pressed yet by any means. But rubber research 
must continue. For one thing, the fluctuations in 








plantation rubber should be cleared up, considering | 


Harries could not trace any chemical change due | that rubber is grown, gathered and coagulated under 


to light. 


Soft rubber contains about 5 per cent. of | much more uniform conditions than can be observed | 


sulphur, hard rubber or vulcanite about 35 per cent. | in the case of the wild trees. 


of sulphur. 
centage is heated by steam at a pressure of about 
50 Ib. per square inch for two or three hours, soft 
rubber results; when the heating of the latter 


mixture is continued for a longer period at higher | 


When a mixture of the former per- | 





TESTS OF CARBON DIOXIDE 
RECORDERS. 


FURNACE-CONTROL devices, especially of the 


pressure, hard rubber is obtained. The hard rubber | carbon dioxide recorder type, have become an in- 
may be regarded as (C;H,S8), one molecule of | dispensable accessory of modern boiler installations. 
sulphur having been taken up per molecule of There are quite a number of CO, recorders of differ- 
isoprene. The nature of the compound resulting | emt types on the market, and their use would be 


when 5 per cent. of sulphur and less—1.5 per cent. 
seems to be sufficient—is used is unknown. The 


sulphur certainly enters into combination with the | corder can be entrusted to the fireman. 





more common still if the instruments were not in a 
sense complicated. The ordinary care of the re- 
But the 


rubber, and the resulting compound may be dis- adjustments require experienced hands; a syste- 
seminated through the mass as in a solid solution. | matic error is not easily detected and remedied, 
These assumptions do not explain at all, however, | though the actual repair needed may be slight, and 
why the proteids and resins play a part in vulcanisa- | when the engineer learns that changes in the boilers 
tion. That one has to deal with compounds is | house temperature, draught, &c., may influence his 
shown by the fact that the sulphur which has once instrument in ways beyond his control, he becomes 


been taken up by the rubber cannot be extracted from | distrustful. 
In reclaiming waste rubber, the substance | pendent reliability tests of CO, recorders and on 


it again. 


Little has been published on inde- 


used as fillers may be more or less removed, but the | their peculiarities. The account of a series of 
reclaimed rubber is insoluble in the solvents for pure | laboratory and service tests of seven different types 
rubber and retains the sulphur and a portion of the | of CO, recorders and indicators conducted by 


fillers ; and there is, therefore, no real regeneration. 

Vulcanising (or curing) must be distinguished from 
compounding (charging with fillers), although the 
two processes, again, influence one another. Vulcani- 
sation may be hot or cold. In the “steam heat” 
process recommended for textiles with a thin rubber 
coating, ¢.g., steam is applied under pressure, con- 
densation of steam on the material being prevented ; 
the objection to the process is that any uncombined 
sulphur in the material may “ bloom up” to the 
surface and spoil the'colour. The “dry heat” 
process yields only black articles, because the litharge 
always added in this case forms black lead sulphide ; 
the process is carried out in steam-coil heated air 
chambers, in which part of the sulphur is volatilised. 

In the “‘ pressure” process for motor tyres, buffers, 
&c., the vulcanisation takes place in hot moulds 
under pressure. The “cold curing” relies on the 
vulcanising action of sulphur monochloride ; there 
is no danger of blooming, the cold-cured goods have 
a velvety appearance, but the brilliant colours do 
not always retain their brightness. The goods may 
be dipped in a solution of sulphur chloride in carbon 
disulphide, or may be exposed to the vapours of the 
chloride. In both the hot and the cold vulcanising 
sulphur is the active element, and it is very remark- 
able that in spite of many varied attempts no 
substitute for sulphur has been found. The nitro- 
benzene derivatives recently recommended, as 
accelerators rather than as vulcanisers, act, accord- 
ing to B. D. Porritt and W. G. Martin, as oxidisers, 
likely to deteriorate the rubber. 

Rubber is compounded with a great variety of 
substances, Even unvulcanised rubber is so treated, 
because it is mechanically too soft, or because it is 
to be coloured. Mineral matters used for this 
purpose are zinc oxide and magnesia, further, the 
sulphides of antimony and of arsenic (yellow), zinc 
chromate, green oxide of chromium, ultramarine, 
lampblack, &c. ; organic dyes often do not stand 
hot vulcanisation. The white and the brown 
rubber substitutes obtained by the action of 
sulphur chloride on rape-seed oil or on other oils 
should also be mentioned here. Other additions 
act more as accelerators ; litharge, lime, magnesia 





Messrs. J. F. Barkley and 8. B. Flagg, on behalf of 
the United States Bureau of Mines (Bulletin 91), will 
therefore be welcomed by engineers. The Bulletin 
explains that the conclusions drawn concern only 
the instruments examined and may not hold for 
later improved apparatus. But the value of the 
research rather lies in the general information as to | 
the behaviour, installation and treatment of such | 
instruments than in the comparative merits of 
special types. 

The tests were undertaken with the approval of 
the respective instrument makers and with the 
understanding that the results would be published. 
The instruments tested were the following: (1) The 
bimeter CO, recorder of the Cambridge Scientific 
Instrument Company, England; (2) the Sim- 
mance-Abady CO, recorder of the Precision Instru- 
ment Company, of Detroit, Michigan; (3) the 
Sarco combustion recorder of the Sarco Engineering 
Company, of New York; (4) the telezometer of | 
G. A. Schulze, Berlin—Charlottenburg; (5) the | 
Uehling CO, machine of the Uehling Instrument | 
Company, Passaic, New Jersey—these five instru- | 
ments being automatic recorders; further, two | 
indicating instruments: (6) the CO, thermoscope | 
of the Underfeed Stoker Company, London; (7) | 
Dr. A. Schmid’s pocket CO, indicator, made by | 
J. G. Cramer, of Ziirich, Switzerland. The Bulletin | 
briefly describes and discusses the instruments and | 
directions for their use, the adjustments, and 
sources of error to be guarded against, outlines the 
tests applied, tabulates some of the results, and gives | 
a summary of the conclusions, both general and 
special, for every instrument. 

The tests were made partly in the laboratory and 
partly in a boiler house under service conditions. 
In the laboratory the instruments were suitably 
mounted close to one another. In determining the 
time lag, the instrument was run, in the laboratory, | 
at a definite speed under regular working condi- 
tions, with constant draught and temperature, a gas 
of unvarying CO, content being drawn from a 
gasometer through the instrument. When a number 
of concordant determinations had been obtained, | 
the CO, percentage was altered, and the time 
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interval was noted after which the instrument 
began to respond to the change. That interval 
amounted, with the different instruments, to 8 
minutes asa maximum. A considerably longer period 
(the time lag) elapsed until the instrument recorded 
the correct new value. In these experiments the 
gas was either passed through the ordinary filter 
of the instrument or was directly admitted into the 
instrument proper. The general accuracy of the 
various instruments varied between 0.1 and 0.5 
per cent. of CO,; to evaluate the significance of 
that statement it should be noted that the chemical 
analyses by which the records were checked might 
themselves have been wrong by 0.2 per cent. 
Generally speaking, therefore, all the instruments 
were fairly accurate. But they differed under vary- 
ing conditions. In order to ascertain the influence 
of changes in the boiler-house temperature, the 
room temperature was suddenly lowered say, from 
98 to 75 deg. F., other conditions being kept con- 
stant. The boiler draught was varied between 0 
and 1} in. of water, apparently—the full particulars 
are not given. The mechanisms were also examined, 

The endurance tests were conducted under service 
conditions, and continued for several months, the 
care and attention required to ensure correct records 
being noted. Every eighth day the devices were 
standardised again. Attention was also paid to the 
frequency of the necessary renewals of reagents 
(caustic alkali). This is an important point. With 
several of the instruments it was difficult to ascertain 
whether there was sufficient reagent left to go on 
with—except by check analysis, which would require 
a gasholder charged with gas of a known CO, per- 
centage and other apparatus; the reagent had 
therefore to be renewed as directed by the makers. 
The life of a single charge is expressed—in the 
Bulletin—in per cent.-hours ; 1,000 per cent.-hours 
means, ¢.g., that the reagent sufficed to deal with a 
10 per cent. CO, gas for 100 hours, or with a 5 per 
cent. CO, gas for 200 hours, &c. The values found 
ranged from 500 to 5,000 per cent.-hours. The 
renewal of the reagent—which took up to 45 minutes 
—adjustments, repairs, &c., should, according to 
the Bulletin, be entrusted to somebody thoroughly 
familiar with the instrument, whilst the ordinary 
care, winding up the clock, changing the chart, 





| inking the pen, &c., might be left to the fireman, 


who would have to devote from 5 to 15 minutes 


| daily to this work. The expenses for the mainten- 
| ance of the instruments during the period of the 
| tests were practically confined to the cost of the 


reagents, disregarding time. The indicating instru- 


| ments passed well on the whole; they were found 
| correct within 0.3 per cent. 


We will give some particulars, taking the instru- 
ments in the order above indicated. Several of the 
instruments have been described in our columns, but 
not always in the form in which they were sub- 
mitted to this investigation. We repeat the main 
conclusions without comment; the report of the 
researches is too condensed to admit of critical 
discussion. 

(1) The bimeter recorder consists of two gas 
meters, a water-jet pump, and a recording mech- 
anism. The gas passes through a cooler into the 
first meter and into the absorption chamber (a jar 
charged with slaked lime); as the gas is heated by 
the chemical reaction, it is again sent through the 
temperature equaliser (another portion of the 
cooler) and then remeasured in the second meter, 
which runs about 4 per cent. slower than the first. 
Both the meters are filled with oil, and the pen is 
actuated by a differential drive between the two 
meters. The accuracy of the records was found to 
be +0.5 per cent. CO,; this accuracy was not 
affected by changes in the room temperature, boiler 
draught and speed (number of records per hour). 
The time lag ranged from 28 to 35 minutes, indica- 
tion of a change being recognisable in 5 minutes. 
When operating at 23 records per hour, 1.73 cub. ft. 
of gas were drawn through the apparatus per 
hour; the maximum rate was 30 analyses per hour. 
Repacking a lime jar took 30 or 45 minutes ; the 
per cent.-hours were 555 to 1,194 (740 average). 
The degree of activity of the reagent being not easy 
to ascertain, the reagent should be changed as often 
as recommended by the makers. The fireman’s 
attention was wanted for 5 minutes daily ; the pens 
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gave considerable trouble, and the water pipe was | 
liable to clog up when dirty water was used. 

(2) The Simmance-Abady CO, recorder belongs 
to the type of float instruments and meters, several 
of which we have illustrated on various occasions. 
A float sinking in a siphon tank raises a bell into 
which the flue gas is drawn through the caustic 
potash solution. When the gas does not contain any | 
CO,, the bell rises to its full height ; when CO, is | 
present and is absorbed, the bell does not rise to its 
full height. The time lag was found to range from 
25 to 34 minutes. Operating at 16 or 17 records per | 
hour, the instrument drew 0.6 cub. ft. of gas per | 
hour. Under proper adjustment the records were 





correct within + 0.1 or 0.2 per cent. CO,, t.e., as| heated up again, is sent through a second orifice, and 


correct as the chart could be read and as correct, 
also, as the experimenters’ checks permitted to 
be determined. Changes in the room temperature, 
draught and speed affected the accuracy by 1 or 
1.5 per cent. The greatest source of trouble was a 
persistent leak of gas through the joint between the 
caustic potash steel tank and its cover; this joint 
was repeatedly painted with asphaltum paint, but 
a leak would reappear. The change of the solution 
took 15 minutes, the charge lasted 5,100 per cent.- 
hours ; the change had to be made as recommended 
by the makers. The ordinary daily attention re- 
quired was 8 to 10 minutes. There was considerable 
trouble with regulating the continuous water supply 
so as to maintain the proper water levels, and the 
use of this part of the apparatus was abandoned. 

(3) In the Sarco combustion recorder the power 
is derived from a fine stream of water at a head of 
about 2 ft. entering the instrument through a small 
glass injector, which is supplied in various sizes to 
adjust the speed of the machine. The instrument 
consists of a system of siphon tubes and reservoirs. 
The stream-water compresses the air above the water 
in a power vessel. The filter is inserted in the main 
pipe as close to the boiler as possible. Owing to 
this arrangement the time lag due-to the instrument 
proper and to the gas line and filter (9 minutes 
for indication within 0.5 per cent. and 12 minutes 
for a complete change in the record) cannot be com- 
pared with those of the other instruments in which 
filter and gas line are included. Thirty analyses 
per hour are recommended by the firm ; 50 analyses 
could be made. Properly adjusted, the accuracy was 
+ 0.4 per cent. ; this accuracy was not affected by 
the boiler draught, but was affected to 0.5 or 1 per 
cent. by changes in room temperature and in rate 
of speed. The renewal of the caustic potash solu- 
tion required 5 minutes; the per cent.-hours were 
2,260 to 2,490 (2,375 average); the time of exhaus- 
tion could fairly well be estimated. The fireman’s 
attention was wanted for 8 to 10 minutes daily. 
The rubber connections lasted 12 months, those 
under the potash tank only 2 months; these parts 
were readily replaced. The nib type of pen gave 
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at different points. Suction at the far end draws 
gas through the filter past a mercury gauge through 
a valve to a second measuring gauge and a point 
at which a second suction acts so that the gas 
current divides in proportion to the relative suctions. 
In its further path the gas flows through another 
valve, a cotton filter, a steam pot (in which the gas 
is heated up in its coil), and is forced through a high 
resistance (a small orifice) into the caustic solution, 
and past three more gauges, indicating respectively 
the pressures at the front of the instrument, in the 
boiler room and on the chart, all these pressures 
being differential. The gas flows on through 
another cotton filter, returns to the steam pot, to be 


escapes. There are so many parts and taps that 
only full illustrations could explain the construction. 
The time lag was 5 or 8 minutes for indications 
within 0.5 per cent., except when gas free: of CO, 
was admitted to the sampling tube ; the lag then 
was 70 minutes, the last drop being exceedingly slow. 
Evidence of a change of composition was recognis- 
able almost at once. Run under normal constant 
conditions the accuracy of the continuous records 
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literature references are defective. Three references 
are given to our own columns, one of them being 
quite wrong. We have referred to CO, recorders 
on a good many more occasions, and we have also 
noticed some tests of recorders conducted at the 
National Physical Laboratory in 1909, which the 
Bulletin does not mention. These tests did not 
extend very far, and it is not suggested that the 
present investigation exhausts the subject. The 
question is, of course, whether manufacturers con- 
|sider their instruments as sufficiently final to risk 
having imperfections pointed out in public. The 
further question is, whether the information, 
brought out by independent examination, about the 
strong and weak points of their own and of similar 
instruments would not in general justify taking that 
risk. We should like, for instance, to have the 
recording apparatus of Ernst Miiller tested, which 
we described four years ago.* This instrument 
depends upon the heat of combination between the 
carbon dioxide and the potash, and measures and 
records the rise in temperature by the aid of a 
thermo-electric battery ; the experience gained with 
the thermoscope (6) shows that reliable measure- 





was within 0.1 per cent. ; this was not affected by 


affected by the temperature. The caustic soda is 
supplied in pasteboard cartons, which lasted from 
500 to 1,185 (average, 870) per cent.-hours. The 
carton is inserted in a metal case, which becomes 
hot in that portion in which the reaction is going on. 
The reaction proceeds upward, and by placing the 
hand against the case the approaching exhaustion 
could thus be estimated. The machine claims about 
8 or 10 minutes of the fireman’s daily attention. 

(6) The CO, thermoscope is an_ indicating 
apparatus for occasional use. It consists of a 


flue gas, a small receptacle for the brass cartridge, 
which is charged with granular caustic soda, and a 
thermometer whose mercury bulb is so blown out 
into an inverted cup that the cartridge fits into the 
hollow of the bulb, which surrounds it like a jacket. 
By operating a three-way cock at the bottom of 
the cylinder and working the plunger, the instru- 


pierced just before insertion and further pricked 
by the plunger. The rise of the thermometer 
indicates the CO, percentage. A maximum of 6 
analyses could be made per hour with an accuracy 
of 0.3 per cent. When the thermometer is arti- 
ficially cooled after an analysis, more records may be 
obtained ; otherwise the lag of the mercury may 
lead to errors of several per cent. Each analysis 
requires a new cartridge; the instrument is com- 
pact, portable and convenient. 

(7) Dr. A. Schmid’s pocket indicator is a glass 
tube provided with two bulbs and two taps. The 
lower tap is taken out to fill the lower bulb with 





considerable trouble. 

(4) In the telezometer CO, recorder two centri- 
fugal fans, driven by a constant-speed electric motor, 
draw in, the one air, the other flue gas, setting up 
a difference of pressure, depending upon the densities 


caustic potash solution. When the instrument is 
|not in use this glass tap is replaced by a rubber 
stopper. The gas is introduced through the nipple 
| of the tube above the upper tap by the aid of 
(a rubber pump; during operation the tube is first 


a change in the boiler draught, but slightly | 


cylinder fitted with a plunger for drawing in the | 


ment is made to act as a pump; the cartridge is | 


of the media, in the inlets and outlets of the held inclined, so that the liquid enters the upper 
apparatus, and a lever records the resultant of the | bulb, and then downward and immersed in a beaker 
four static pressures. The records are continuous. | filled with water. From 17 to 20 analyses, correct 
The experimenters state that they do not offer any | within 0.2 per cent., could be made within an hour. 
instructions regarding the erection and operation of | One charge of caustic sufficed for several hundred 
this machine owing to the difficulty of maintaining | analyses. After that the apparatus should be 
the necessary operating conditions. When a purged by means of the pump. The trouble most 
change was made by admitting a gas of higher CO, likely to be experienced was the sticking of the glass 


content, the time lag was only 6 or 8 minutes ; when 
the new gas was of lower CO, content, the time lag 
was 5 minutes for records within 0.5 per cent., 
but 30 or 34 minutes for a complete record, but 


evidence of a change in the composition was ' 


almost at once recognisable» Normally, the tele- 
zometer drew 2.4 cub. ft. of gas per hour, and the 
accuracy was 0.2 per cent.; changes in room tempera- 
ture, boiler draught, and particularly in fan speed 
(changing the motor speed from 1,600 to 2,000 
r.p.m.) affected the accuracy (by 3.3 per cent.). 
Very little is said in the Bulletin about this instru- 
ment on the whole; no reagent being used, no 
attention is wanted in this respect. 

_ (5) The Uehling CO, machine. Broadly, the 
instrument may be described as an open pipe-line 
in which pressures (below atmosphere) are measured 





| cock owing to the action of the caustic. The device 
| is compact and portable. 


Some hints on the installation of gas lines (} in.) 
| for CO, recorders close the report of this investiga- 
tion. Comments appear inadvisable, as we have said 
already, because the report is very condensed and 
the tabular material far too meagre. But the 
report is certainly very useful, and may teach users 
of CO, recorders to look out for unsuspected sources 
of trouble as well as for their remedies. One idea 
presents itself. If the pocket instruments be con- 
venient and reliable—and there is no reason to 
doubt that, for simple apparatus for ready CO, 
analysis are well known to chemists—these instru- 
ments might be used for the occasional checking of 
the automatic recorders. The experimenters seem 
to have worked with commendable care. But their 





ments can be made in this way. 


| 
| 





ELECTROCHEMISTRY AND GERMANY.—The French 
journal La Revue Electrique reviews an article in the 
Journal du Four Electrique et de U' Electrolyse in which, 
| it states, the author discusses what the part played by 

yermany in electrochemistry really amounts to and 
shows that “there is nothing to justify the incom- 
mensurable vanity of the German pedants.’’ German 
discoveries do not proceed from flashes of genius, but 
by a work carried out methodically and, so tod speak, 
mechanically, a work which does not make any large 
|demand upon intelligence. When the Latin genius 
| has given effect to new ideas, these are defaced so as to 
| enable the taking out of patents in the name of German 
laboratories. Germany is allowed to say that she is at 
the head of the industry in question, “ simply because 
| Borchers has written volumes on the subject, because her 
| laboratory at Aix-la-Chapelle is an admirable one and 
| its students have inundated the technical press with 
| their heavy compilations.’’ The article concludes by 
| stating that the “ famous German science is simply the 
modern mask of the most disgraceful barbarity.”’ 





LOCOMOTIVE AND CoaL TesTING AT THE ENGINEER- 
| ING EXPERIMENT Station, UNIVERSITY oF ILLINOIS.— 
| One of the largest of the Mikado t of freight loco- 
motives is pe | mounted in Whe labeasbive testing 
laboratory of the Engineering Experiment Station, 
University of Illinois, for an extended series of tests. 
The Railway Engineering Experiment Station has 
entered into a co-operative arrangement with the Inter- 
national Railway Fuel Association and the United 
States Bureau of Mines to conduct tests with various 
sizes and grades of coal used for fuel. The Baltimore 
and Ohio Railroad has loaned one of its newest freight 
locomotives for the ee gare This locomotive weighs, 
with its tender, a total of 464,000 lb. The testing 
laboratory is designed to permit the locomotive to be 
operated at any desired speed and at any power output 
under the same conditions as prevail in practice, while 
its performance is recorded io means of automatic 
equipment for measuring tractive effort, water consump- 
tion, fuel consumption, smoke production, and other 
factors which will enter into the investigations. The 
Baltimore and Ohio Mikado type of freight locomotive 
has eight driving wheels, each carrying a load of 28,000 
lb., two pony truck wheels and two trailer truck wheels. 
It carries a steam pressure of 190 lb. per square inch, 
and has a fire-box 7 ft. wide and 10 ft. long. The engine 
is 85 ft. long and exerts a tractive effort of 54,500 Ib. 
at its draw-bar. Samples of coal to be used will be 
taken from Illinois mines and will be graded accordin 
to present commercial sizes, ranging from the so-aalled 
slack and run-of-mine up to the commonly used “2 by 
6 lump.” Later, it is contemplated, tests will be made 
with a coal ground to an impalpable powder or flour, which 
will be injected into the fire-box by means of a specially 
designed blower. ‘Tests will be made with both hand 
firing and automatic stoker firing. It is the expectation 
that these tests will establish information which will 
enable a railway to determine how much it can afford 
to pay for the different grades and sizes of coal, and 
which grades and sizes will produce the best results under 
given operating conditions. The ultimate purpose of 
tests of this character which the University of Illinois 
is —e on in many lines of activity is to provide 
the basis for the fuller and more economical utilisation 
of public resources. In these locomotive tests it is 
thought that the incidental benefits which may come 
to the public in the ible decrease of the smoke nuis- 
ance may alone justify the extensive work involved. The 
tests will be conducted under the direction of E. C. 
Schmidt, head of the Department of Railway Engineer- 
ing, and will be in the immediate charge of J. M. Snod- 
rass, assistant professor of Railway Mechanical 

ngineering, and O. 8. Beyer, first assistant in the 
Engineering Experiment Station. 





* See Encrxeerina, vol. xciii, page 569. 
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WE illustrate in the view Fig. 1 on the present | 
page a heavy lathe built by the Niles-Bement-Pond | 


Company, of New York, and 23 and 25, Victoria-street, 
Westminster, London, S.W., for boring and turning gun 
tubes 10 in. in calibre. The headstock is of the 
enclosed type, having all the driving gears running in 
oil. The main drive is given by a 40-h.p. variabel 
speed motor. Two tool holders are mounted on each 
of the two swivel rests; they have longitudinal 
traverse and also cross adjustment for setting the 
depth of the cut. 
for the carriage, also for the boring bench on the bed 
and for the boring bar. There ave ‘three steady rests 
of the enclosed type. The boring bar is revolved by 


a separate 15-h.p. motor, mountec on the rear support. | 


The feeds and power traverse are controlled by levers 
at the operator’s position at the forward end of the 
boring bench. The boring bar has four supports— 
one is clamped at the front end of the bench and the 
other three slide on the bench with the bar. The bar 
is fed and traversed by means of the rear support, 
which engages with the feed screw. The boring bar 


supports have hinged caps and side extensions, so | 


that the bar can be rolled to one side to permit the 
calipering and measuring of the gun’s bore. 


Rapid power traverse is provided | 


Fia. 2. 


Fig. 2 shows a 30-in. heavy-projectile turning lathe 
built by the same company for turning armour- 
piercing shells up to 16 in. 
|}is of very rigid construction, of the enclosed type ; 

all the gears it contains are of steel, and they run 
continuously in oil. The faceplate is driven by a 
variable-speed 35-h.p. electric motor. By means of a 
| handle on the carriage the faceplate may be started, 
stopped, reversed, or any of the different motor speeds 
can be obtained, without requiring the operator to 
leave his working position The motor pinion and 
| gear which it drives have herring-bone teeth, ensuring 
a smooth and quiet operation. The headstock is made 
specially long in order to afford a most rigid support 
for the spindle, the gearing and the motor. 
continuous oil supply to the gearing is ensured from a 
tank in the headstock, which is kept filled by a pump 


30-In. Heavy Progectite Turninc LATHE. 


| 
| 
| 


The | 


from a tank in the bed. The end thrust on the spindle | I 6 
| dols., as compared with 27,950,055 dols. and 20,457,596 


is taken on hardened steel and bronze washers. The 
carriage is fitted with a compound swivelling tool rest ; 
the tool slide is provided with four large clamping 


bolts and straps. All the parts above the carriage are | 


of steel. The tailstock is also of extremely rigid con- 


| towards the end carrying the centre. 


“Gas Works Direcrory anv Sraristics.”’—This 
directory for 1916-17, which is published at the price 


in calibre. The headstock | 0f 10%. 6d. net by Messrs. Hazell, Watson and Viney, 


Limited, 52, Long Acre, W.C., is the thirty-ninth issue. 
It contains an alphabetical list of officials, together with 
data also arranged alphabetically, according to towns, 
of the gas works in England, Wales, Scotland, Ireland, 
the Colonies and foreign countries, the information 
including the date of formation of the undertaking, 
quantity of coal carbonised, annual make and sale otf 
gas process, residual make, &c. The book covers_over 
550 clearly printed pages, in double column. 





Unitrep States Strert CorPoration.— The business 
of this undertaking has experienced a remarkable 
increase this year. In January, February and March 
the net earnings were 60,713,624 dols., as compared 
with 51,232,788 dols. in the corresponding period of 1915 
and 12,457,800 dols. in the corresponding period of 1914. 
In April, May and June the net earnings were 81,126,048 


dols. July, August and September produced a¥net 
revenue of 85,817,067 dols., as compared with 38,710,644 
dols. and 22,276,002 dols. The aggregate net revenue 
for the first three quarters of this year was aceordingly 


| 227,656,739 dols., as compared with 79,118,500 dols. 
struction, the section being considerably increased | in the corresponding nine months of 1915, and 60,727,979 


dols. in the corresponding nine months of 1914. 
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GEARED TURBINE INSTALLATION FOR 


CONSTRUCTED BY THE WALLSEND SLIPWAY AND ENGINEERING COMPANY, 







Fig. 5. 





THE increasing favour with which geared turbines 
are regarded even for low-speed cargo steamers using 
steam superheated to a moderate degree is due to the 
high economy and great reliability of the machinery. 
The steam consumption for all purposes has been 
as low as 12.5 lb. per shaft-horse-power hour in actual 
service, and in space occupied and wages for personnel 
satisfactory financial results are realised. Over 50 
ships are now in course of construction with such 
installations, and many of the latter are for driving 
single screws. The Wallsend Slipway and Engineering 
Company, Limited, has done much in advancing the 
adoption of such machinery, Mr. Andrew Laing, the 
managing director, having in this, as in other engines, 
adopted standardisation as far as is possible. 

The drawings of the geared turbines for a single- 
screw installation which we reproduce on this page 
and on Plate XLVII, and the general arrangement 
drawings which we intend to give later, will therefore 
prove interesting. They represent the installation of 
3,350 shaft horse-power in service for the City of 
Canton, a vessel of 6692 tons gross register, built by 
Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the Ellerman Line, 
Limited, Liverpool ; but several such sets of machi- 
nery are being constructed for other ships requiring 
the same power. 

_ As is shown in the plan, Fig. 2, on Plate XLVII, and 
in the end view, Fig. 5, annexed, the high-pressure and 
low-pressure turbines work in series normally, and 
drive through their respective pinions one gear wheel 
connected to the propeller shaft, but each turbine can 
take steam direct from the boiler, and each has an astern 
turbine working on the same pinion. Thus, so far as 
the propelling engines are concerned, there are the 
advantages of duplication against the contingency of 
one turbine breaking down. The turbines transmit 
their power throngh flexible couplings to the pinion 
shafts, the pinions being arranged one on each side of 
the gear wheel. The main shaft of the gear wheel is 
provided with a solid flanged coupling which is 
directly connected to the thrust shaft. The reduction 
ratio is 1 to 17. The longitudinal half-seetions of the 
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two turbines in Figs. 3 and 4, on Plate XLVII, show 
that the astern high-pressure turbine is arranged with 
an independent casing at the forward end of the 
ahead high-pressure turbine, being connected to the 
latter through a flanged coupling. The low-pressure 
astorn-going turbine is incorporated in the exhaust 
end of the low-pressure ahead-going turbine casing. 

In order to deal effectively with the high-pressure 
superheated steam—125 deg. F.—which the boilers are 
arranged to supply, the turbines, which are of the 
Parsons type, have been designed on the impulse- 
reaction principle, with ¢n impulse wheel forming the 
initial stages in the high-pressure ahead and the high- 
pressure astern-going turbines. The low-pressure 
turbines, both for ahead and astern going, consist 
entirely of stages of reaction blading. The use of 
superheated steam has also necessitated the use of 
materials not ordinarily used in the construction of 
marine turbine machinery. The turbine casings, 
generally made throughout of cast iron, have 
been in this case partially made of cast steel. The 
steam admission end of the high-pressure ahead 
turbine casing has been made in this metal, while the 
whole of the high-pressure astern turbine casing is of 
cast steel. The blading of the impulse wheels, as also 
the earlier stages of reaction blading, have been made 
of copper materia] instead of the usual brass mixture, 
the copper withstanding the action of the superheated 
steam much better. The rotating portions of the 
turbines—the bodies of the rotors and the spindles— 
have been made entirely from ingot steel forgings. 

The gearing is of the double helical type, the shape, 
size and pitch of the teeth being made in accordance 
with what experience has proved to be satisfactory. 
The large gear wheel is divided vertically, and each 
section of the wheel, consisting of boss, sides and rim, 


is cast in one piece, flanges being provided on the boss | 


for bolting them together. Near the rim a circum- 
ferential tie-piece of cast steel is provided with flange 
connections to the wheel sections. Heavy forged steel 
rims on which the teeth are cut are shrunk on and 
secured to the cast-steel portions. j 
The distance apart of the two sections of the rim is 


“CITY OF CANTON.” 


LIMITED, WALLSEND-ON-TYNE. 








sufficient to allow of central bearings being fitted to the 
pinion shafts, as shown in Fig. 3, to preserve the 
alignment. The gear-wheel shaft is.of forged ingot 
steel, while the pinions and shafts are of nickel steel. 

For the efficient and silent running of this gearing 
it is necessary that the means of lubrication should 
be as thorough as possible. For this purpose sprayer 
nozzles distributed at suitable intervals are arranged 
to spray the oil direct on to the engaging teeth, thereby 
oe a film of oil between the surfaces in contact. 

he bearings for the turbine spindles, together with the 
bearings of the gear-wheel and pinion shafts, are also 
arranged to work under a system of forced lubrication. 

In the arrangement of machinery it was found 
possible, as shown in Figs. 1, 2 and 5, to place the 
condenser at a low level, and at the same time quite 
close to the low-pressure turbine ; this assists the 
drainage problem and also does away with the usual 
overhead exhaust connection. The condensers are 
of the Weir uniflux type, made suitable for 27} in. of 
vacuum in ordinary service conditions with the 
temperature of sea water at 85 degs. For circulating 
water through the main condenser a pump of the 
centrifugal type is provided. This pump is driven by 
a single-cylinder open engine, and the pump and engine 
have been supplied by Messrs. sdale and Co., 
Limited, Glasgow. An air pump of the dual type, 
supplied by Messrs. G. and J. Weir, Limited, is fitted 
to work in conjunction with the condenser. The air 
pump is of the merchant service type, having gunmetal 
pump barrels with cast-iron bases and tops, fitted with 
gunmetal buckets, manganese bronze pump rods, steel 
piston rods and Kinghorn valves in metal seats. In 
our next article we shall deal with the general arrange- 
ment of the machinery and with the auxiliaries. 





(To be continued.) 





Spanish Mrinrnc.—The mining industry in Spain has 
|aequired more importance than is generally known. 
The output of iron ore in 1915 was 5,617,839 tons. 
| Pyrites were raised to the extent of 730,568 tons; 
|iron ore briquettes to the extent of 555,357 tons; and 
| manganese ore to the extent of 14,328 tons. 
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INDUSTRIAL NOTES. 


Tue Press Bureau has issued a circular to the effect 
that the Minister of Munitions has ordered the follow- 
ing :— - 

1. No person shall, as from the date hereof (Decem- 
ber 8), buy, sell or, except for the purpose of carrying out 
contract in writing existing prior to such date, enter 
into any transaction or negotiation in relation to the 
sale or purchase of copper of any class, whether wrought 
or unwrought, situated outside the United Kingdom, 
unless such person is authorised by a special permit 
from the Minister of Munitions to purchase or sell 
the same. All applications for special permits shall 
be made to the Director of Materials, Armament 
Buildings, Whitehall Place, London, 8.W., and be 
marked ‘‘ Copper Permit,” and all persons to whom 
such permits are granted shall observe and perform 
all the conditions subject to which such permits may 
be granted. 

2. All persons shall, except as below mentioned, not 
later than December 16, 1916, send in to the Director 
of Materials, Armament Buildings, Whitehall Place, 
London, 8.W., returns of (a) all unwrought copper 
at the date hereof held by them in stock or otherwise 
under their control; (b) all unwrought copper due at 
the date hereof for future delivery to them; (c) all 
contracts existing at the date hereof for the sale to or 
purchase by them of unwrought copper. 

Notwithstanding the above, no return is required 
from (1) any manufacturer or smelter of stock in hand 
or due for future delivery for the sole purpose of 
manufacture or smelting at his works ; (2) any person 
whose total stock in hand and due for future delivery 
does not exceed two tons. 

The Press Bureau has also issued a circular by which 
the Minister of Munitions gives notice (1) that as from 
the date of the Order (December 8), he prohibits the 
use of copper, whether wrought or unwrought, in any 
kind of manufacture, except for the purposes of a 
contract or order for the time being in existence 
certified to be within Classes “‘ A” or “ B” of Circular 
L. 33 as to control of output issued by the Minister 
of Munitions on the 3lst day of March, 1916. (2) That 
the Order of the Minister of Munitions of November 6, 
1916, relating to the manufacture of copper wire and 
cable containing copper is hereby cancelled. 

Prominent members of the metal trades have been 
interviewed with the object of obtaining their views 
on the effect of the new Order which imposes rastric- 
tions upon the purchase and sale of copper. The 
impression gathered was that the regulations were 
made with a view to preventing non-essential trades 
using the metal, and that the whole of the supply 
should be devoted to the purposes necessary for the 
prosecution of the war. They instance many cases 
where copper and brass are actos used, and where 
labour is also being employed which might be devoted 
to war purposes (such industries as those manufacturing 
brass steads, household fixtures, electric light 
fittings, &c.). The effect of the Order will be that 
these trades—due to the fact that they will be unable 
to obtain copper without a licence—will release a large 
number of men and women, and it will also have the 
effect of economising the metal. It is well known that 
the Government have practically covered their own 
and the Allied Governments’ copper requirements for 
many months to come, and in all probability the end 
to which the Government directs its attention in this 
Order is mainly the economy of labour. It is very 
satisfactory to note that great economies have recently 
been effected in the use of metals for munition purposes, 
and, in fact, the Metal Committee, which is at present 
devoting its time to this very important subject, is 
confident in the near future of making further 
enormous reductions in the use of copper, brass and other 
more expensive metals. 

It is only natural to suppose, when such large 
quantities of copper are available for the British and 
Allied Governments as compared with the copper 
resources of the enemy, that there must be great scope 
for economy, and that with the very large supplies 
hitherto coming forward it is not perhaps to 
wondered at that the designers of war material, or 
materials for industrial purposes, have not sooner 
followed the lines of economical alteration and sub- 
stitution which undoubtedl., the enemy have been 
carrying out. It is well known that there is an 
organisation whereby spent cartridges are returned 
from the front and re-used, re-formed in some eases, 
or re-melted. 

All these economies will obviously have considerable 
effect Ss, reducing the requirements of the more valuable 
metals. 





In his report for November the general secretary 
of the United Patternmakers’ Association says he has 
received, after a somewhat lengthy interval, the June 


Review, a publication in English issued from Stuttgart. 
According to this review, the German Metal Workers’ 
Union appear to be having a bad time; 117,180 of 
their members had been summoned to the colours 
during 1915, and an additional 70,000 left for various 
reasons; during the same year 109,573 (including 
about 20,000 females and 8,000 juveniles) joined the 
organisation. At the end of 1915 the total member- 
ship was 234,307, as against 544,934 at the close of 
1913. Income during 1915 amounted to 439,9071/., and 
expenditure to 185,0301., of which 61,6341. was spent in 
benefits and the remainder in administration. Sick 
and strike pay were suspended at the commencement 
of the war, but one-half the former benefits was now 
being paid. During the period under review the 
union conducted 615 movements for increases in 
wages, involving 176,381 members, and 24,706l. per 
week was gained in increased wages. The moulders 
in Hungary were also having a rather bad time, owing 
to the substitution of stamped articles for castings. 
The Budapest foundries employed 2,068 persons, of 
whom 583 were hand moulders and 200 females; the 
wages of the former ranged from 25s. to 31. 6s. 8d. 
per week, the average being 2/. 3s. 4d. Coremakers 
earned about ll. 12s. 6d. per week, and female core- 
makers received on the average 37. per hour. Reference 
is made, even at the end of December, 1915, to the 
enormous increase in the price of foodstuffs in Hungary. 





We give below the agreement drawn up by the 
employers and men in the Wear district regarding 
pooling, to which reference is made in our leading 
article in the present issue :— 

1. The object of the scheme is to expedite the 
finishing of such cargo vessels as are from time to 
time nearest completion, workmen being transferred 
for that purpose from work in other yards on vessels 
the building of which is less advanced. 

2. The senior local surveyor of the Board of Trade 
and the principal local surveyor of Lloyd’s Register 
of Shipping shall determine in their absolute discretion 
from time to time the vessel which is nearest completion. 

3. The technical delegate of the Wear Shipbuilders’ 
Association and the district delegate of the trade or 
trades affected shall then arrange as to the classes and 
number of workmen required and the yards from 
which they can be drawn. The consent of the workmen 
to transfer shall be obtained in each case. 

4. The selection of workmen required shall be 
arranged in such a manner that each of the yards 
from which they are taken shall contribute a fair 
proportion, with due regard to all the circumstances 
in each case, but so that they shall be taken from the 
nearest yards available, the intention being, as far as 
practicable, to transfer men whose homes are nearest 
the yard to which they are transferred. 

5. The transferred workmen shall remain in the 
employment of the firm from which they are taken and 
their wages shall be paid. by that firm and they shall 
return to their work in the yard of that firm as, soon 
as the purpose for which they haye been transferred 
has been accomplished. 

6. The workmen who are transferred shall not suffer 

any pecuniary loss by reason of their transfer. 
7. The firm concerned shall utilise on the vessel 
selected for speedy completion the whole of the work- 
men of the class required in their employ before any 
men are transferred from other yards. 

8. Urgent Admiralty requirements 
precedence of this scheme. + 
9. This scheme shall remain in effect for the duration 
of the war. 


shall take 





In the course of his presidential address, delivered 
on Wednesday, November 22, before the Boat, Yacht 
and Allied Trades Association, Mr. William Summers, 
M.Inst.N.A., said the association wanted to popularise 
the trade, and had asked the Shipwrights’ Society 
to appoint a committee to confer with it in regard to 
arriving at the best form of indenture for apprentices. 
Ships’ wooden lifeboats, he added, were also a matter 
which had been largely discussed by the association 
and the committee of the Scottish branch. Sub- 
committees had met in Newcastle, Glasgow and 
London. The subject was of the greatest importance, 
and the association had asked the Shipwrights’ Society 
to appoint delegates to a joint committee for its 
consideration. He advocated the standardisation of 
ship’s lifeboats. 





At a meeting of the West of Scotland Iron and 
Steel Institute, held in the Technical College, Glasgow, 
on the 8th inst., the president, Mr. Herbert Beard, 
referred to the way in which we had organised to the 
full our military and labour resources during the war. 
Industry, in fact, had been organised on a scale and 
with a speed and ability which were both a wonder to 
other nations and a testimony to the inherent quality 
of our race. But the remarkable organisation which 
had taken place had not been without defects. It 





and July numbers of the International Metal Workers’ 





money; the situation had, however, to be faced 
and if the thing had to be done again it might perhaps 
be done no better. The State was paying dear for 
everything it required. Swollen profits had been 
made; wages had advanced 70 per cent. in the iron 
and steel trades since the war began and were likely 
to go even higher. He blamed the opportunities 
which offered for frivolity and the indulgence in 
amusements, and stated that the payment of high 
wages to immature youths had been productive of the 
most baneful results; compulsory saving should be 
instituted and measures taken to enforce discipline. 





The following resolutions were unanimously adopted 
at a meeting held at the Hotel Cecil, London, on the 
7th inst., between representatives of employers and 
trade unions, under the chairmanship of the Right 
Hon. Frederick Huth Jackson :— 

1. That the cordial and whole-hearted co-operation 
of employers and employed will be the most important 
element in the success of any scheme for dealing with 
the reinstatement of the men of the Forces and munition 
workers in civil employment, and the general re- 
distribution of labour after the war, and for handling 
any subsequent problem of unemployment or labour 
dislocation. 

2. That no machinery now in existence can ade- 
quately deal with the reinstatement in civil employment 
of the present Forces. 

3. That powers should be obtained from Parliament 
to set up without delay a Central Statutory Board to 
regulate and supervise (a) the reinstatement in civil 
employment of the present Forces ; (b) the settlement 
in normal employment of civilian workers now in 
Government or controlled establishments; (c) any 
general redistribution of labour arising out of the 
war. Appropriate transfers of existing powers and 
duties will have to be made by the various Government 
Departments to the Central Statutory Board, so that 
complete authority shall be vested in the new board. 

4, That not less than two-thirds of the members 
of this Central Statutory Board should be represen- 
tatives of employers and employed in equal numbers, 
such members being appointed by the Crown from 
associations of employers and from the trade unions 
of the United Kingdom respectively, the remaining 
members of the board to include representatives of 
Government Departments, &c. 

5. That where a trade union, by arrangement with 
employers’ associations, is capable of placing its 
members in employment, it should be competent 
for the Central Board, if it deems it to be in the national 
interest, to delegate to the trade union in question 
the responsibility of dealing with the reinstatement 
of its own members. 

6. That local boards should be established wherever 
necessary to assist the Central Board. Such local 
boards to have the same proportionate representation 
as is provided for the Central Board. 

7. All expenses properly incurred by the Central 
and local boards should be paid out of moneys provided 
by Parliament. 





*“Manuat or ELeEctricAL UNDERTAKINGS AND 
Drrectrory.”—We have received a copy of this manual 
—Garcke’s—-for 1916-17, vol. xx, which is issued by 
the Electrical Press, Limited, 13 to 16, Fisher-street, 
Southampton-row, at the price of 21s. net. In sending 
us this volume, the editors state that one unavoidable 
result of war conditions has been delay in the issue 
beyond the customary date, but advantage has been 
taken of the extended period to include accounts and 
particulars to a later date than was possible in former 
volumes. The present edition includes over 20,000 
names and addresses of officials connected with electrical 
undertakings, members of tramway and lighting com- 
mittees, electrical contractors and electrical engineers 
in general. In regard to companies and corporations, 
the information gives technical and financial data, prices, 
results obtained, &c. The book contains numerous 
maps of electricity supply undertakings, tramways and 
railways, also a map of Great Britain showing the 
electric undertakings in operation. 

British Capirat inv Canapa.—The flow of British 
capital to Canada has been on a considerable scale during 
the last ten years, although a sharp contraction was 
experienced in 1915 and 1916. The yearly totals come 
out ‘as follow :— 


Year. Amounts. Year. Snag. 
£ 

1907 ... 11,203,711 1912 ... «+. 32,456,600 

1908 .. 29,354,721 1913 ... .. 47,363,426 

1909 . 37,411,723 1914 ... + 87,177,271 

1910 ... 38,453,808 1915 ... 8,325,000 

1911 39,855,517 1916 ... 1,000,000 


reduced the volume of British-Canadiar. 
investments, which during the past twelve months have 
been almost at an end. It will be seen that the record 
year was 1913; in the last five months of 1914 the war 
reatly restricted Canadian investments, which were 
urther reduced in 1915. The eggregate investments 
of British capital in Canada are estimated at present at 
582,829,000. At the close of 1913 American capital 
had also been placed in Canada to the extent of 


The war rapid! 





had been responsible for a. prodigal waste of public - 


636,903, 952/. 
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EXPERIMENTS ON EARTH-PRESSURES.* 
By PonsonsBy Moore Crostuwatre, B.A.I., M.Inst.C.E. 


THE paper commences with a short account of 
Rankine’s theory of earth-pressure, and the principles 
and assumption on which it is founded. Descriptions 
of former investigations are given in some detail, namely, 
those of the late Sir George Darwin, and Messrs. Goodrich, 
Wilson, Bell and Meem. The author concludes that 
of the experiments made by these investigators to 
investigate the lateral pressure of earth, those in which 
model walls were used are of greatest value, but points 
out that if models are of any size the experimental 
difficulties are almost insuperable. 

The author’s experiments, a number of which are 
described and illustrated in the paper, were made by 
loading a plunger with known weights and measuring 
the penetration when the plunger had come to rest after 
the application of each weight. The materials were 
enclosed in an open bucket, and their weight was 
determined. 

With those data the value of ¢, the angle of internal 
friction, can be obtained from Rankine’s well-known 
formula for the safe depth of foundations— 


re P (; sas) 

W\1+ sing 
when d@ denotes the penetration; P the pressure in 
pounds per square foot; and W the weight of the 
material in pounds per cubic foot. 

If the formula is true, and the pressures be plotted 
against the penetrations, the resulting curve is a straight 
line, and ¢@ as calculated from the formula should equal 
the angle of repose. 

With sand, garden earth, and cinders and ashes the 
resulting curves are straight lines, but it was found that 
the value of @ varied with the state of aggregation of the 
material, i.e., whether it was lightly poured into the 
bucket, shaken in, or well pounded in. When the 
material was deposited in the bucket as lightly as 
possible the angle of internal friction was the same as 
the angle of repose, but with mpre consolidation the 
angle was much greater. 

From these materials the author concludes that 
Rankine’s theory holds, provided the proper angle of 
internal friction is used and not the angle of repose. 
If, however, this angle is used it would be necessary to 
introduce a factor of safety into the formula, for a wall 
designed without one would be theoretically just strong 
enough and no more. In Rankine’s formula there is no 
factor of safety, and it is concluded that Rankine saw 
this, and used the angle of repose as covering the worst 
conditions that need possibly be provided for. The 
author’s experiments show that, for the materials 
tested, work designed by Rankine’s formula, using the 
angle of repose, would have a factor of safety of 2} to 4, 
and he considers that these are not unreasonable figures 
for such materials. 

The experiments on clay give altogether different 
results, for instead of the penetration varying as the 
load, it varies as the square of the load, and the pene- 
tration curves are parabolas. These results, which were 
altogether unexpected, are completely confirmed by 
larger experiments carried out by Messrs. Coode, 
Matthews, Fitzmaurice and Wilson, and by Mr. McAlpine 
in New York. 

The author is able to give no physical explanation as 
to why the penetration in clay should vary as the square 
of the load, but leaves it to the physicists. The law 
must be capable of some rational explanation, and, if 
true, it upsets all earth-pressure theories when they are 
applied to clay ; for all accepted theories assume that 
the angle of internal friction is the same as the angle 
of repose, and that its value is independent of the 
pressure. 

_ It is suggested that the subject is worthy of further 
investigation, but that such could hardly be made by a 
private individual, for the work is tedious, each 
experiment taking from 24 to 48 hours. Moreover, if 
the investigation is to be properly carried out, physical 
and chemical analyses of the clays will be required that 
could only be made in a_ well-equipped physical 
laboratory. 

In connection with the earth slides experienced at 
the Panama Canal, it has been suggested that in clay and 
shale cuttings there is a critical depth beyond which 
the sides will not stand, and the author’s experiments 
on clays clearly show that for these this must be the 
case. Where ¢ is independent of the pressure the depth 
of the cutting cannot affect the stability of the slope, 
but where the angle decreases with the pressure it is 
evident that eventually a depth will be reached beyond 
which its sides will not stand. 

This decrease is clearly shown in one experiment on 
mud, for which the angle for a pressure of 0.25 ton per 
Square foot was 17 eg. 15 min., which decreased to 
2 deg. 10 min. at a pressure of 1.25 ton per square foot, 
when it was little better than a liquid. 








Tue VeREIN DeutscrEer INGENIEURE.—The number of 
members of the Verein Deutscher Ingenieure, which held 
its annual meeting on November 27, in Berlin, has 
decreased during the year 1915. At the end of 1914 the 
total membership of the many branches was 24,725 ; there 
find during 1915, 401 (385 in 1914), and resigned, 356 
(224), whilst 287 new members (1,214) were enrolled ; 
the total roll for 1915 was thus 24,255. During the 
year 380 members were killed ; 3,567 members remain 
on active service. 


_* Abstract of . paper read before the Institution of 
Civil Engineers, Tawtny, December 5, 1916. 











SALVAGE EQUIPMENT USED IN RAISING 
SUBMARINE F-4., U.S.N.* 
By Navat Constructor J. A. Furer, U.S.N., Member. 
(Concluded from page 571.) 


Placing the Pontoons.—After all the chains had been 
laid out on the bottom under the vessel the barge was 
shifted for landing the midship pontoons. 
flooded to about 3 ft. of freeboard in the harbour before 
being towed out to the job. One pontoon was placed 
on each side of the barge opposite the A-frame, as 
shown in Fig. 35 below. The four runners from the 
engine drums were dropped through the hawse pipes 
(Fig. 36, page 584), to the bottom and a report met by 
the divers on their location with reference to the chains. 
When the position was reported as satisfactory, the 
runners were shackled to the ends of the chains. In the 
meantime flooding the pontoons was continued. 

A 50-ft. length of pneumatic hose, fitted with a }-in. 
valve at the end, was connected to each vent (Fig. 37, 

584, and Fig. 49, page 585). By manipulating these 
valves the trim of the pontoons was kept under control. 
The flooding valves P (Fig. 36, and Figs. 50 and 51) were 
left open. As soon as the runners fad been dropped 
through the hawse pipes and shackled on below, the 
clamps were placed on top of the castings, as shown 
in Fig. 3, pege 560 ante. In order to facilitate the work 
of the divers in bringing the two halves of the clamps 
together, loosely fitting }-in. guide bolts were passed 


These were | 


left in each chain. If the chains had been hauled up 
snugly and the clamps had been placed directly above 
the hawse pipes, the pontoons would have been held 
|down alongside the submarine on bécoming buoyant. 
This would have brought a considerable crushing stress 
| on the sides and would have been particularly objection- 
|able because of the excessive stress to which the chains 
would have been subjected. 

Unwatering the Pontoons.—After considering various 
methods of unwatering the pontoons, the use of com- 
pressed air taken from torpedo air flasks was decided 
upon as the simplest and most reliable method. Cal- 
culations indicated that 20 torpedo air flasks blown 
down from 2,150 to 200 Ib. pressure would furnish 
enough air to raise the vessel. In order to maintain 
a rapid flow of air from the flasks it was proposed to 
blow down to only 200 Ib. Tests were made which 
demonstrated that a flask could be blown safely from 
2,150 to 200 Ib. pressure in about 5 minutes against 
a receiver pressure of 50 lb. A test was also made 
on the flow of air through a 150-ft. length of }-in. hose, 
using a differential pressure of 25 Ib. per square inch. 
| From this test it was found that the flow was consider- 
|a@bly greater than given either by Halsey’s or Kent's 
| formule. On the basis that the air would be delivered 
|to the pontoons by 12 150-ft. lengths of }-in. hose 
| against a water head of 46 ft. and with a differential 
| pressure of 20 lb., it was calculated that the cylinders 
| could be unwatered in about 100 minutes. When this 
| stage of the work was actually reached, the differential 
| pressure was kept somewhat below 20 lb. as a pre- 


through holes provided for that purpose in the ends of | caution against starting the seams of the end “bulk- 


the clamp castings (Figs. 41 to 47). These bolts were 


| heads of the pontoons. The cylinders were actually 


Fi ug. 35, METHOD USED IN LOWERING AND SECURING THE PONTOONS. 






ay ee ee 


long enough to permit spreading the clamps to the full 
12-in. diameter of the hawse pipes. The clamps were 
lashed to the running boards of the pontoons to keep 
them from slipping off. 

Five-inch manila lines were made fast to the end pads 
of the cylinders. The forward line of each pontoon 
was taken to a timber head and the after-line to the 
niggerhead of one of the hoisting engines. These 
lines were marked every 5 ft. as a guide for lowering. 

When everything was in readiness, the final flooding 
of one of the pontoons was started. As soon as the 
pontoons showed a tendency to sink, the vents were 
shut off to avoid further increase in negative buoyancy. 
Any slight excess of water in one compartment had 
the effect of making that end go down first and cock- 
billing the pontoon. The object of the lowering lines 


was to prevent the cylinders from sinking end on, as | 


would invariably have happened without such control. 
As soon as the divers reported that a cylinder was lying 
squarely on the bottom, parallel and close to the sub- 
marine, the vents were opened for complete flooding. 
In the case of one pontoon one end had to be lifted 
and swung in closer to the vessel. This would have 
been difficult had the pontoon been completely filled 
with water before the adjustment was attempted. 
The flooding valves were closed after the pontoons 
had filled completely, in order to prevent the entrance 
of sand. 

Although the negative buoyancy was kept well in 
hand by careful venting, the cylinders nevertheless 
showed a decided tendency to become unmanageable 
and heavy as soon as the water-plane area had vanished. 
All of the pontoons were, however, lowered without 
mishap and without parting lines. 

The divers be; bolting on the clamps as soon as the 
position of a cylinder was reported as satisfactory. It 
was not essential that the clamps for the first lowered 

mtoon of a pair should be fitted to any particular 
ink, but, once fitted, it was necessary to know exactly 
the link on which each wis placed so that the clamps 
on the opposite side might be placed correctly, this in 
order to insure that the proposed amount of slack was 





* Paper read at the 24th general meeting of the Society 
of Naval Architects and Marine Engineers, held in New 
York, November 16 and 17, 1916. 
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unwatered in about two hours after air was fully turned 
on. 

Twenty-four torpedo air flasks were installed on a 
coal barge, as shown in Fig. 6, page 560 ante. These flasks 

were connected in parallel to a 7-in. extra-heavy pipe. 
| This pipe discharged into an expansion chamber made 
|from a piece of cast-iron pipe 22 in. in diameter by 
|8 ft. long. The expansion chamber was piped to a 
12-valve manifold, to which the pneumatic hose lines 
| leading to the pontoons were attached. A gauge was 
installed on the 7-in. pipe, as well as on the valve 
| manifold. 

The 7-in. extra-heavy pipe was necessary so that if 
any one of the valves from the flasks should happen 
| to blow through, the full pressure would not be thrown 
|on the large expansion chamber and on the hose leads. 
This arrangement also made it possible to throw in a 
new flask by simply opening a valve. The pressure 
at the hose manifold was kept at 35 Ib. until the cylinders 
emerged. By throttling the flask valve and the valve 
in the line to the expansion chamber, this pressure 
was maintained without difficulty. 

Final Salvage Operations.—The work of passing the 
chains under the vessel was not started until the pon- 
toons and all the collateral equipment needed had 
been made ready. It took three working days to place 
the chains, with a few intervening days when the swell 
and undertow were so heavy that divers could not 
stay on the bottom. The three pairs of pontoons were 
placed on three successive days. The job of substituting 
the coal lighter, with its equipment of air flasks, for the 
wrecking barge was completed on Saturday, August 28, 
too late to unwater the pontoons on that date. This 
work could not be done with certainty at night. 

Fortunately the weather held good through the , 
night. The final work of yoy up the hose leads 
to the pontoons and opening the discharge and blow 
valves was started at daybreak on Sunday, August 29. 
This work was left until the morning, as it would have 
been inadvisable to subject the twelve 150-ft. lengths of 
hose to the action of the swell during the night. 

When all necessary preparations had Teen made, 
a diver was sent down to watch.the pontoons and to, 
report by telephone as they became buoyant. The 
air was first s' on all four compartments of the 
stern pontoons, When this pair was buoyant the air 
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SALVAGE EQUIPMENT USED IN RAISING SUBMARINE FH, USN. 


Fig.d6.. LONGITUDINAL SECTION THROUGH CYLINDER. 
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Fig.38. SECTION IN WAY OF WIRE R Fig.3. END OF CYLINDER. 
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was shut off and the middle pontoons were started off | 
the bottom ir. the same manner. In the case of the 
bow pontoons it was necessary to bring the forward 
end of the seaward cylinder off the bottom in advance . IRE ROPE ENDS. 
of the after-end in order to clear the bow rudder on | F ug-40 SKETCH SHOWING METHOD OF SECURING W 
this side, which was still in place and projected upward | 
at an angle of about 45 deg. If this precaution had | We ined to be cut at 
not been taken the pontoon would have jammed against {¥ oF fo sure wi Wire las 6’ 
the sharp point of the rudder and would ae x% Rabbet tn way of F i re onl 
heve sprung a leak. The pontoons were all partly { Rope Crosby = §¢ 
unwatered before turning on the air to all six cylinders, | 











in order to make certain that all the lines and discharge > a 

valves were functioning properly. --> er 
When the pontoons had in turn been brought to a © 

reasonably horizontal position 4 manipulating the | 

manifold valves, air was turn 








on to all twelve | 
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SALVAGE EQUIPMENT USED IN RAISING SUBMARINE F-4, USN. 


DETAIL OF 2% CHAIN STOPPER. 
Fig.41. nb view Fig.42. sipe ELEVATION. 
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Fug.4é. END VIEW. SIDE ELEVATION. 


DETAIL OF 2§°CHAIN STOPPER. 
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Fie. 54. Att Pontoons ON THE SURFACE; MAKING PREPARATIONS TO Fic. 55. Towrne THe F-4 ryto Port, SusPENDED FROM THE 
Tow SUBMARINE INTO THE HARBOUR. PowToons. 
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compartments. Oneend of the submarinecame up slightly 
ahead of the other, as was inevitable. It was noted 
that one of the pontoons was still considerably 
cockbilled. This condition existed in the case of all 
of the pontoons until they had adjusted themselves 
on the surface, because the chains were rove under 
the vessel from the pontoon on one side to its 
mate on the other side without being attached to the 
submarine. One end of each pontoon was bound to 
become buoyant slightly ahead of the other, also the 
two pontoons of pair could not be manipulated so as 
to bring them buoyant simultaneously. As a small 
amount of slack was intentionally left in each chain, 
the pontoon which became buoyant first pulled the 
slack through under the-vessel. This resulted in cock- 
billing the pontoons while they were completely sub- 
merged. So long as there was a sufficient amount of 
margin of buoyancy in all six pontoons the cockbilling 
was not of great importance, as enough water could be 
blown out of the high ends to provide the lift needed. 
The low ends could, of course, be completely unwatered. 
Once the portoons emerged they immediately adjusted 
themselves automatically, as the high ends ceased to 
be waterborne and therefore exerted no pull on the 
chain. This permitted the buoyancy of the low end 
of the opposite pontoon to assert itself, thus causing 
the chain to render. 

Figs. 54 and 55, page 585, show the pontoons on the 
surface ready to be towed into the harbour, with their 
suspended load, It will be noted from these views that 
they have adjusted themselves to practically a horizontal 
position. 





GerMan SupMarRiNnes.—The Italian Rivista Marittima 
states that according to news received from Holland the 
Germans have built submarines having no periscope. 
There is a lens on each side of the boat, which, combined 
with mirrors and other lenses properly arranged, make 
it possible to carry out the neceesary chautvatione. It is 
admitted that this improvement carries with it the 
disadvantage of requiring the boat to navigate closer 
to the surface than is the case with boats provided with 
a periscope, but this disadvantage is more than com- 
pensated for, so it is said, by the absence of a periscope 
tube extending above the water surface. A powerful 
beam of light can be projected at night through the lens 
opening. 





ConTRoLLED EsTABLISHMENTS AND Secrecy.—We 
have received the following official notification for 
publication :—The Minister of Munitions appeals to the 
owners of controlled establishments, to all persons 
responsible for the management of such establishments, 
and to the public generally, to guard against com- 
municating to neutral countries information concerning 
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THE GERMAN CEMENT INDUSTRY AND 
THE WAR. 


OwiInc to previous over-production, German cement 
manufacturers were not in a good position to meet the 
adverse conditions ensuing from the war, and the effect 
was felt almost instantaneously. The sale of the South 
German Cement Syndicate in 1915 only amounted to 
22.8 per cent. of the syndicate allotment, against 70 per 
cent. in times of peace, and for 1916 the sale is 
2 per cent. still lower. The position is apparently 
worse for the Rhenish-Westphalian Cement Union, the 
sale for 1915 being only 12.86 per cent. of the allot- 
ment, a further decline setting in during the present 


of the works, there being in the different districts works 
as follow :— 

The South German Cement Syndicate comprises 21 
kartelised works. 

In North Germany there are the Hanoverian Cement 
Selling Centre, with 10 works ; the Union of Nether-Elbe 
Portland Cement Works, in Hamburg, with six works ; 
the Central German Cement Selling Centre, in Halle, with 
15 works; the Berlin Cement Centre, with three works ; 
the Stettin group, with four works ; the Silesian Cement 
Selling Centre, with 12 works ; or, altogether, 50 works. 

In the Rhineland-Westphalia district there are the 
Rhenish-Westphalian Cement Union, with 43 works, 
and the selling centre of the Rhenish-Westphalian blast- 











Net Profits or Loss (—). Dividends. 





Share a on a Pe - 

Capital. 1913 and 1914 and | 1915 and /|1913 and1914 and'1915 and 

1913-14. 1914-15. 1915-16. 1913-14. 1914-15. | 1915-16. 

Marks. Marks. Marks. Marks. Per Cent Per Cent. 'Per Cent. 
Adler Portland Cement Company - .., 5,500,000 725,000 256,000 167,000 6 3 0 

Heidelberg-Mannheim Portland Cement Com- 

pany .. és ee ee . .. 1,500,000 2,898,000 1,621,000 312,000 10 6 4 
Karlistadt Portland Cement Company 3,500,000 507,000 179,000 115,000 8 4 4 
Lorraine Portland Cement Company .. .. 5,000,000 616,000 119,000 — 134,000 yg 0 0 
Alsen Portland Cement Company, Hamburg 9,000,000 1,844,000 1,042,000 — 198,000 21 13 4 
Wicking Portland Cement Company .. F 4,500,000 27,000 50, 113,000 0 0 0 
Hanover Portland Cement Company .. .. 5,400,000 812,000 358,000 — 226,000 9 4 0 
Saxe-Thuringia Portland Cement Company .. 3,300,000 547,000 232,000 — 94,000 16 5 0 
Breitenburger Portland Cement Company 3,500,000 7,000 — 69,000 — 70,000 0 0 0 
Saxe-Bohemian Portland Cement Company .. 3,500,000 371,000 164,000 100,000 s 4 2 
Mark Portland Cement Company ..| 2,750,000 248,000 — 21,000 — 130,000 4 z= 0 
Silesia Portland Cement Company 2,500,000 362,000 445,000 25,000 13 s 6 
Union Portland Cement Company . 2,530,000 239,000 ,000 — 7 3 0 
Teutonic Portland Cement Company .. 2,200,000 217,000 376,000 = 84 10 «| 0 
Saxonia Portland Cement Company 2,000,000 234,000 59,000 37,000 5 4 | 3 
Langerich Portland Cement Company 1,500,000 177,000 5,000 — 124,000 7 0 0 
Bavarian Portland Cement Company .. 1,250,000 ,000 88,000 69,000 3 0 0 
Giesel Portland Cement Company 1,800,000 247,000 215,000 75,000 ll s } 4 
Rhenish Portland Cement Company 1,200,000 256,000 — 23,000 — 32,000 12 0 0 
Aleucania Portland Cement Company. . 1,200,000 90,000 110,000 — 41,000 | 5 4 0 


year. The factories endeavoured to counteract the rise 
in cost of production by higher prices, but the result did 
not prove satisfactory. Taking the average of 20 lead- 
ing cement factories, the dividends for 1913 or 1913-14, 
according to the end of the financial year, amounted to 
9.41 per cent., and only two of the factories in question 
did not pay any dividend. The following year the 
average dividend had fallen to 4.80 per cent., seven 
factories being unable to pay any dividend, and for 1915 
or 1915-16 the average dividend had fallen to 1.88 per 
cent., 13 companies out of the 20 works in question being 


unable to pay any dividend, The table given above shows | 


| 
| 
| 





furnaces in Diisseldorf, with 5 works; or, altogether, 48 
| works. Repeated endeavours have been made to bring 
| about an all-German combine of the cement industry, 

but the efforts so far have been futile. As a way out of 
| the difficulty, attempts have also been made to form 
separate unions of the three large districts enumerated 
above, but the task is very difficult on account of 
the many conflicting interests. In the meantime the 
Government has enforced several restrictions in con- 
nection with production and forward sales which were 
to remain in force till December 1, 1916. The Rhenish- 
Westphalian Cement Union has asked the Government 


controlled establishments, the effects of control on the | the capital, the net profits, and the dividends of the 20 to allow these restrictions to remain in force during the 


conduct of their business, and the character and quality | 
of munitions work in hand. Such information is some- 
times conveyed (probably by inadvertence) in replies | 
to inquiries as to whether particular establishments are | 
able to undertake particular classes of work, and also in | 
advertisements in newspapers which circulate abroad. | 
The public are warned that no communications of any 
kind can be transmitted abroad (1) if they give any 
indication that a firm is controlled or is engaged in | 
munitions work, or (2) if they contain information with | 
respect to the manufacture, output, or supply of muni- | 
tions, or with respect to the place where such work is 
carried on, 





Tue Proposep Goops Crearinc Hovse.—The Rail- 
way News has published a pamphlet criticising the 
proposed goods clearing house for the metropolis 
advocated by Mr. Gattie. This pamphlet is entitled 
“Some Railway Myths and Fallacies,’ and deals with 
such subjects as ‘‘ Mobility versus User of Railway 
Wagons,”’ “ Alleged Superfluity of Goods Station and 


Yard Accommodation,” ‘‘ What Goods Traffic Working | 


Really Involves,” ‘‘ Traffic which is Suitable for the 
Gattie Scheme,” ‘ Traffic which is not Suitable,” ‘‘ The 
‘Container’ System,” and “Road Transport.” The 
objections to the scheme from the railway companies’ 
point of view are thus summarised :—(1) It is only 
suitable for certain sections of goods, those at present 
dealt with by the usual systems of collecting and delivery 
vans. (2) It requires not only a complete revolution of 
railway conditions and methods, but also of trade and 
industry in all departments, (3) It carries centralisation 
to a degree which is entirely antagonistic to the general 
nature of gawd traffic other than that covered (1). 
(4) It would require, if it is to justify itself, to deal with 
very large volumes of traffic which need never, and should 
never, go near the clearing house. (5) It is quite 
inapplicable to coal and other varieties of traffic, which 
are therhselves main factors in the problems of goods 
traffic manipulation. (6) It \vould throw an immense 
volume of traffic upan the thoroughfares of the central 
districts which has no business thefe at all. (7) It would 
require exceedingly expensive railway connections. 
It would entail something like a ‘‘ Traffic Trust,” or, if 
State-owned, would only practicable under a nation- 
alised railway system, and even then it has not much 
to commend it; and, last but by no means least, (9) 
One clearing house is of little value without others in 
all the la towns, and also on a smaller scale in 
hundreds of other towns where traffic, while not actuall 
large, is sufficiently extensive to call for equipment, if 
only so that the scheme shall not be prejudiced where 
it is in operation. Moreover, it takes no account of the 
intermediate and roadside traffic which, in the aggregate, 
is also a very considerable factor, The pamphlet is 
Nemple- 


published at sixpence at 91, Temple-chambers, 
avenue, E.C, 


(8) | pany 


concerns in question. 
The above list, which comprises typical concerns 


from the different districts, only embraces a small portion | 


AMERICAN 


Works ; of these 20 Pacific and 5 switching locomotives 
are for the Atlantic Coast line. The number of loco- 
motives ordered in October was no less than 779; this 
was the largest total reached in any month this year. 
The orders received for locomotives in the first four 
months of the second half of 1916 comprised 1,271 
locomotives ; this compared with 2,124 engines ordered 
in the first six months of the year. In 1915 the number 


| of locomotives ordered was 1,972. 





SuBMARINE TELEGRAPH ENTERPRISE.—After providing 
| for interest, income tax, excess profits duty and all other 
charges, and bringing into account a reliquat of 85,8801. 
| carried forward from 1914-15, the Western Telegraph 
| Company (Limited), had a balance of 534,689/. available 
for dividend for 1915-16. Of this balance the directors 

allocated 100,000/. to the general reserve, 30,000/. to the 
land and buildings depreciation fund, and 100,000/. to 
the provision made for investment fluctuations. Out of 
the final balance the directors recommend a dividend of 
8 per cent. for the past year upon the ordinary shares, 
| carrying forward 38,345/. The company’s receipts for 
| 1915-16 from the transmission of cablegrams and 
| dividends on investments in other telegraph companies 
| amounted to 888,846/. The expenses of the electrical, 
the engineer’s, the captain superintendent’s, and the 
| surveyor’s departments for 1915-16 were 3,610/., and 67/. 
was paid for the use of patents. War payments to the 
staff absorbed 12,797/., and maintenance of cables for 
the 12 months cost 87,6511. The cost of the cable used 
for maintenance purposes in 1915-16 was 25,851/., 
8,810l. was charged for depreciation of cable in stock, 
and 1,258/. for insurance of cable in stock. The com- 
*s maintenance steamers involved the following 
c in 1915-16 :—Norseman, 29,9911. ; Cormorant, 
13,172i. ; Norna, 1,239/. ; and chartered steamers, 7,890/. 
The paid-up share and debenture capital of the company 
brwt arr the close of June, 1916, at 2,897,975i. The 
reserves had attained at the same date the following 
importance :—General fund, 1,940,054/.; maintenance 
ships’ fund, 59,1602.; marine insurance fund, 75,0001. ; 
land and buildings depreciation fund, 245,0002.; and 
rantee fund, 1,209/.; making an gate of 
,320,4231., to which should be added 214,6890 for traffic 
and other credit balances. At the close of June, 1916, 
the company had e ded 2,918,695/. on capital account, 

i which it could set 2,157,937/. for reserves, and 
90,0221. for the value of the spare cable on hand. 








Locomotive Butrpina.—Orders for 30 
engines have been placed with the Baldwin Locomotive | 


| continuance of the war and until normal conditions again 
| prevail, and no doubt some sort of a settlement may 
soon be looked for. 


SCRATCHING FoR TIN IN QUEENSLAND.—Amongst the 
inhabitants of North Queensland there is a not incon- 
siderable section who are inclined to work lines of their 
own in the bush, in country districts. One of these 
occupations is scratching for tin in the river courses 
,;and gutters. The object of these seekers is to collect 
“wash-dirt,” that is tin-bearing gravel and coarse sand 
deposited by the water rushing down these gullies after 
|a drought. No spot, however apparently inaccessible, 
is left untouched, if there is likelihood of “dirt.’’ In 
|rainy times—which mean business—the tin-scratching 
industry in the hills along the watershed of Northern 
Queensland is in full swing, and with plenteous water 
for washing the scratchers use the “cradle” as their 
principal agent in recovering the tin which has been torn 
away from the hill sides by the heavy rain. A resource- 
ful scratcher constructs his cradle out of a hollow log, 
which he splits in two, so that a trough of some 6 to 8 ft. 
long results; one end is closed by nailing a board or 
piece of metal across it. To this end a perforated sheet 
of iron is fixed horizontally, about 4 in. from the “lips” 
of the trough. This forms the catchment for the wash- 
dirt, and bottoms are fixed along the trough, dividing 
it into sections 20 in. long; these are called “‘ ripples,” 
and arrest the tin falling through the perforated sheet. 
The completed cradle is tilted lengthways, to allow the 
water to run away. The scratcher places wash-dirt 
with a shovel on the perforated sheet, or “ box,”’ as it 
is called, the cradle is then gently rocked and water 
constantly applied by a fountain with a long handle 
to it. ith one hand the scratcher rocks the cradle, 
with the other he pours water into the cradle for hours 
at a stretch, all this, of course, so as to agitate the 
wash-dirt and separate the tin from the dirt. At 
intervals the dirt is thrown away, and the tin collected 
in lumps and bagged. A more ambitious way of collect- 
ing tin is by means of “‘ sluice-boxes,” that is, primitive 
troughs with sheets of iron nailed to the bottom. These 
boxes are placed in such a position in the course of a 
mountain gully as to receive the flow of water from 
artificial dams. As the water flows over the iron sheets, 
men standing by continuously shovel wash-dirt on to 
the upper end of the box, so that the tin may be deposited 
and the water esca In dry times, when no water 15 
available, recourse is had to the “dry blower”’ process. 
| Bellows work over the wash-dirt, driving the light dirt 
|from the tin. The “dirt” is placed on graduated 
| screens, the larger mesh ones above the smaller. The dirt 
| falls from screen to screen, the bellows being continuously 
employed, The tin stays on the the l 
| dirt being blown away. 








Dec. 15, 1916.] 


ENGINEERING. 


587 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—The closing month of the year is 
invariably one'in which steelmakers endeavour to clear 
out as much of the work on hand as possible, and this 
present month is proving no exception to the rule, the 
predominant feature at the moment being to speed up 
the output. Consequently the rush of business is 
tremendous, a strenuous attempt being made to overtake 
the accumulated arrears which have gathered in eve 
steelmaking establishment in the West of Scotland. 
There is no abatement in the demand for material of one 
kind or another required by Government for war penpcos. 
indeed, rather is there an increase than otherwise. Then, 
too, Government regulations are being very —- 
enforced, so strict a control being maintained over all 
outputs that the negotiation of ordinary mercantile 
business is hedged around with difficulties. As per- 
mission must now be obtained before certain material 
required for export may even be manufactured, prices 
are merely nominal, although, otherwise, the tendency 
is towards a higher level all round. Whatever mercantile 
business is being put through runs the risk of being set 
aside at any moment on account of the great push for 
Government orders, steel for shell bars still being in 
exceptional demand. The price for this quality may be 
put at about 17/. per ton, while ship plates are quoted 
141. 10s. or 141. 158.; boiler plates, 15/. 128. 6d., and even 
over this figure ; and angles, 14/. 7s. 6d. to 14/. 10s., or 
perchance 14/. 15s. 


Malleable Iron Trade.—In the malleable iron trade 
business continues to run on the most satisfactory lines, 
alike in the iron and steel departments, conditions other- 
wise remaining unchanged, Government being the chief 
consumer of the production. A decided firming-up 
has taken place with regard to the export trade, the 
inquiries coming to hand giving promise of good business. 
Little progress can meantime be made in connection 
with deliveries. The price for “‘Crown” bars keeps 
steady, and is quoted 14/1. 10s. to 14/. 159. per ton, 
according to brand. 


Scotch Pig-Iron Trade.—Brisk ‘business. characterises 
the Scotch pig-iron trade, and inquiries, both for home 
and export, are more numerous than makers can well 
cope with. Hematite is in strong demand, the local 
steel works being able to consume the whole of the output. 
In this respect Government control has greatly facilitated 
matters, the desire being that no establishment occupied 
on war work should be hampered in,any measure in its 
operations, - The continued scarcity of hematite and 
No. 1 foundry iron has led to a determined effort being 
made to add to the output by turning as many furnaces 
as possible on tothe making of hematite. 


Munition Workers’ New Year Holidays.—Owing to tho 
extreme pressure of work, the annual holiday in the 
engineering and allied trades will be much curtailed, and 
a notice has just been issued that work will cease at 
midday on Saturday, December 30, 1916, and be 
resumed on the morning of Thursday, January 4, 1917. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade:x—The attention of all 
interested parties is being directed more and more to 
the question of transport. nen are accumulat- 
ing here owing to’the want of rolling stock to convey 
them to the different consignees. The falling-off in 
deliveries has had a pronounced ‘effect: upon the open 
market, for colliery companies are chiefly concerned 
with fulfilling their obligations under the contracts 
with the munition works, blast-furnaces, and _ rail- 
ways. Outside these channels there is not much fuel 
available, and all branches of manufacturing fuel are 
strongly held. Steam coal inquiries aré heavy for export 
purposes, but only allied countries appear-to get full 
requirements. Steam nuts are a slightly better delivery, 
but cobbles and slacks are tighter.. The house .¢oal posi- 
tion is extremely active. Gas compariies’ are taking 
ample supplies of the inferior sorts:. Quotations.:—Best 
branch hand-picked, 20s. 6d. to 21s. 6d.; Barnsley best 
Silkstone, 18s. 6d. to 19s. 6d.; Derbyshire best, brights, 
18s. 6d. to 198. 6d.; Derbyshire house, 7s. to 18s. ; 
best large nuts, 16s. 6d, to 17s. 6d. ; small muta, 15s.. 6d. 
to 16s. 6d.; Yorkshire hards, 16s. 6d, to 17s. 6d. ; 
Derbyshire hards, 16s. to 17s. ; best slack,.}2s. to 13s. ; 
seconds, 10s. 6d. to lls. 6d.; smalls, 7s. 6d. to 8s. 6d, 
per ton, 


_ Iron and Steel.—The general position contains many 
interesting features, but all are affected by the irre- 
gular transport service. This -was accentuated by 
the fogs during last week. Notwithstanding many 
difficulties and countless regulations the local output 
continues on progressive lines, and the production of 
finished and semi-finished goods now aggregatés-a very 
substantial figure. All classes ‘of material meet an 
improving demand. Special hematites are still far-and 
away the most eagerly sought, and supplies are good. 
Basic iron is now being offered on a larger scale. Forge 
and foundry irons remain very active. Steel billets are 
being extensively purchased whenever possible, and to 

prices rule in every case. The heavy foundries an 

engineering shops generally have an abundance of orders, 
but depression again prevails in the case of the light 
foundries owing to stagnation in the building trade, 
Stove grates, rain water manufactures, &c., are hardly 
wanted at all. The abolition of Sunday work has given 
great satisfaction here, where it is believed a six days 
working week will produce an equal, if not a greater, 
amount of ou 


‘nnounce indents for files, saws, wire ropes, spades, 


4,500,000. ac 


ploughs having 24-in. discs. 
do so, I ; 
followed by harrowing with spike-toothed harrows, 
The. young plants-are planted out; or the séed is sown, 
some. growers using one mbthod and some the other. 


From overseas we have to|p 





machinery and parts, steel plates, steel, hardware and 
cutlery. 


Development of Sheffield——The Sheffield City Council 
to-day appointed a special development committee. It 
will exercise special watchfulness over the city industries, 
and consider what inducements, should be offered to 
attract new undertakin Col. Hughes remarked that 
the extension and addition of munition works had 
swallowed up all available sites, and as much as 5,000/. 
per acre had been offered for sites with suitable railway 
and other facilities. These had not been at liberty. 


Sheffield Trade Matters.—The Order in Council of 
December 8 is likely seriously to affect the non-ferrous 
metal trades of the city. By this it is prohibited to use 
oes for other than munition purposes, thereby cutting 
off the. essential supplies to cutlers, silversmiths, brass 
workers, electro-plate makers, &ce. When the present 
stocks of cépper’are exhausted they cannot be replaced, 
with the result that the output of Sheffield goods, other 
than munitions, particularly those made of “‘ German 
silver,’ .or ;what we now call “nickel silver,” will be 
seriously réduced. This material, for which copper is 
an indispensable and the main component, .is used to 
make spoons, forks, teapots and all kinds of hollow 
ware, nickel knife handles, knife scales, and the like, and 
it is largely provided for the Sheffield trades by the 
Birmingham metal suppliers. It will now cease to be 
produced: with copper prohibited. There are rio sub- 
stitutes available, for such other metals as aluminium 
or the like, which were once used, have been for some 
time restricted for Government work only. The outlook 
of the particular Sheffield trades concerned is very grave. 
We were to-day informed by leading manufacturers that 
their works will automatically close down when the 
copper stocks become exhausted. In this way a huge 
export trade will, be lost to the city and hundreds of 
people thrown out of employment. It is felt that the 
Government eannot fully appreciate the gravity of the 
prohibition, and steps are to be taken to acquaint them 
with it. 








A German-AvstrtaN SteePtNc Car Company.— 
Under the style of ‘‘ Mitropa,’’ the Central European 
Sleeping and Restaurant Car ‘Company, a new concern, 
is being. formed with a capital of 5,000,000 marks, 
likely to be ‘increased by degrees to 40,000,000 marks. 
Hitherto the Franco-Belgian International. Sleeping 
Car Company Nas held a monopoly also in Germany’and 
Austria ;, in the former country the company directed 
several international trains de luxe, and it also con- 
trolled the German Dining Car Company by virtue of 
owning, the majority of the shares. The Austro- 
Hungarian and the German State railways departments 
have now decided to form the-above company, which 
will obtain the monopolies formerly held by the former 
concern, as the contracts can be made to expire. 


Work Tuerary ror Disastep Sorprers.—Some 
success has been Obtained in Germany with experiments 
in hastening the restoration of injured and mutilated 
soldiers, by. giving them suitable occupation in works 
as soon as the medical advisers consider them fit. The 
treatmerit, known as work-therapy, begins, if possible, 


while the patient is still receiving medical attention.” 


The idea is not oply that medical treatment and artificial 
limbs are not sufficient to fit a man for work again, but 
that’ the bodily’ exercise and useful occupation is a 
beneficial factor in the recovery. A beginning was made 
by Dr. H. Beckmann in the Accumulatorenfabrik A.G., 
of Oberschjneweide, near Berlin, where patients were 
given light work in the joinery department. The men 
were learning {to use their limbs, natural or artificial, 
again, they gained confidence, and were usefully occupied. 
Rules have a drawn up in electrical works to regulate 
this work}. which is under ,the supervision of a doctor 
and the engineer. A minimum rate of pay has been 
fixed ;.80 far as possible disabled men are to be placed 
between able-bodied workers in the works. 





een * _* 

Acridtrture 1 Brazit.—The following notes on 
opportunities for trade in farm equipment in Brazil are 
takeh from recent address delivered by the Chief of the 
United States Bureau of Foreign and Domestic Commerce, 

rts of which have appeared in the American press, 
Brazil’s;‘crop, of coffee amounted ‘in the past year to 
2,508,000,000;1by There were probably not less than 
nes devoted to; the raising of coffee. This 

land, after it‘has been cleared, is plo by means of 
6 to I2+in¢ walking ploughs or with reversible disc 
Wherever it is possible to 
the tend is then harrowed with disc harrows, 


During the rainy summer months the weeds grow fast, 


and. it is necéssary to work the. land between the plants 
with, five-tooth ¢ultivators, pulverising harrows, or even 
with hand hogs. The Brazilian coffee grower often takes 
two 30- 
secures'them with four strips of ha 
are quite heavy and are bolted to the harrow sections ; 


sections, and, placing them side by side, 


wood. These strips 


in this way, a solid 60-tooth harrow is made, which, on 


account of the weight of the wood, 


oa x, netrates the soil, 
thoroug 
we 


working it and destroying the growth of 
ere is, therefore, a market for walking ploughs, 
reversible dise ploughs, disc and spike-toothed 8 
and pulverising barrows in Brazil, Often the wers 
plant maize between the rows of coffee trees, and for that 
usé one-horse corn planters, with either double- 


‘dise or runner-furrow openersand with pressure wheels. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

, MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is a moderate 
business pate Cleveland pig-iron. All legitimate 
home needs are being met and fair quantities of iron are 
available for shipment, Local consumers are taking 
more and more supplies of forge iron to mix with the 
superior qualities, and as most makers have rather 
considerable stocks of forge the steadily growing inclina- 
tion to use more of that description is very gratifying. 
Some producers are disposed to rather shade the 
maximum price of forge which has ruled for some time 
ogy For home consumption, No. 3 Cleveland pigs 

o. 4 foundry, and No. 4 forge are all quoted 87s. 6d., 
and No. 1 is Er at 9ls.; for shipment to our Allies 
No. 1 is 1028, 6d. ; No. 3, 988.; No. 4 foundry, 96s. 6d. ; 
and No. 4 forge, 95s. 6d.; and for export to neutral 
countries the minimum rates named are 105s. for No. 3 
and 110s. for No. 1. With the exception of permits to 
send very small lots to Scandinavia under very excep- 
tional circumstances, however, licences for export to 
neutrals are unobtainable. 


Hematite Iron.—A steady, firm feeling prevails in the 
East Coast hematite branch. Further negotiations for 
deliveries over periods next year are stated to have 
resulted in more contracts being arranged. Most manu- 
facturers are quite prepared favourably to consider 
offers on forward account, but prompt Tusincss is all 
but impracticable. Nos. 1, 2 and Pare 1220. 6d. for home 
use, 137s. 6d. for shipment to France, and 142s. 6d. for 
export to Italy. 


Stock and Shipments ef Pig-Iron.—For the first time 
since July 26 last an addition of Cleveland pig-iron to 
the public warrant stores has to be recorded this week, 
50 tons of No. 3 having been sent into the stores. The 
addition is said to be due to the cancellation of a sale of 
pig-iron. The stock of ‘Cleveland pig in the warrant 
stores now stands at 4,123 tons, consisting of 4,087 
tons of No. 3 re | end 36 tons of other kinds of iron 
deliverable as stendard: Shipments of pig-iron from 
the port of Middiégbrough quite fulfil expectation.’ So 
far this m4nth they gmount to 13,010 tons, as compared 
with 9,780 tons $o,thesame date last month, and 19,245 
tons for the corresppnding part of December last year. 


Coke.—Qualities of coke needed for local use continue 


in very uést, and values of such descriptions are 
fully maintainéd, notwithstanding the more than ample 
supply. Av s blast-furnace kinds keep at 28. at t 


ovens, and up to 30s. 6d. at the ovens is still quoted for 
qualities low in phosphorus. 


Foreign ena, a of foreign ore to the Tees are 
on a satisfactory scale, 


Manufactured Iron and Steel.—Very little news of 
moment is ascertainable concerning the various branches 
of the finished iron and steel industries. Manufactures 
are kept fully employed, very largely on Government 
work, but the output of material for mercantile ship- 
building is also considerable and is steadily increasing. 
Quotations, all round, are strong. To home customers 
common iron bars are 13/1. 15s.; best bars, 14/. 28. 6d. ; 
double best bars, 141. 108. ; treble best bars, 14/. 17s. 6d. ; 
iron ship plates, 13/. 10s. to 141. 108.; iron ship angles, 
131. 15s.; iron ship rivets, 171. 10s. to 181. 108. ; steel 
bars (no test), 14/. 108.; steel ship plates, 11/. 10s. ; 
steel ship angles, 11/. 2s. 6d.; steel ship rivets, 201. ; 
steel boiler puntos, 127. 108.; steel joists, 11/. 2s. 6d. ; 
steel strip, 171. ; steel hoops, 17/. 10e,; heavy steel rails, 
101. 178. 6d. ; packing iron and steel (parallel), 12/.; and 
packing iron and steel (tapered), 14/. 5s, The following 
prices are named for export :—Common iron bars, 151. ; 
steel ship plates, 13/. 10s. to 18]., according to diameter ; 
steel sheets (singles), 20/.; steel sheets (doubles), 221. ; 
and heavy steel rails, 11/. 5s, 





Russtaw Meratrurey.—The production of pig-iron 
in Russia last year was 4,062,100 tons, as compared 
with 4,769,300 tons in 1914. The output of semi- 
finished steel was 4,539,100 tons, as compared with 
5,508,800 tons; and that of finished steel, 3,599,500, 
as compared with 4,334,100 tons. Of the semi-finished 
and finished steel 60 per cent. was produced in Central 
Asia, while the Ural region made 20 per cent. Of the 
pig-iron made in Russia last year rather more than 70 per 
cent. was produced in Central Russia. 





Tse Mavrritivs.—Machinery for local industries was 
imported into the Mauritius in 1914 to the value of 
48,7111. ; practically all the machinery imported came 
from the United Kingdom. Some of the rolling-stock 
for light tramways is of foreign manufacture. There 
are 405 miles of telegraph and 109 miles of telephone 
under the charge of the colonial postal and telegraphic 
department. The Mauritius has a single-line railway 
about 120 miles in length, exclusive of the Bois Cheri 
light railway ; the gauge is 4 ft. 8} in. The rebuilding 
of timber bridges in ferro-concrete was continued by the 
colonial public works department in 1915. Sites for 
reservoirs at La Ferme and La Nicolitre have been 
acquired in connection with irrigation. A dam for the 
La Ferme reservoir is in course of construction, and the 
reservoir will be completed to its full capacity of 
417,000,000 cub. ft. Drainage works were commenced 
at Port Louis in 1895, sewers being designed on the 
separate system. The sewerage is pum through 
cast-iron pipes for 7,000 ft. to the sea outfall at the mouth 
of Grand River, North West, and is discharged in 10 ft. 
of water at low tide, 1,000 ft. from the shore. The 
total length of the sewers laid is 25} miles. 
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NOTICES OF MEETINGS. 


THE INSTITUTION OF MecHANICAL ENGINEERS.—Friday, De- 
cember 15, at 6 p.m., at the Institution of Civil Engineers, 


Great G Street, Westminster. "3 “Variable Speed 
me for Motor Road Vehicles,” by Mr. Robert E. Phillips, 
ember. 


Tue Norru-East Coast InstiruTion oF ENGINEERS AND 
SHIPBUILDERS.—Friday, December 15, at 7.30 p.m., in the 
Lecture Theatre of the Literary and Philosophical Society, 
We-tgate Road, Newcastle-on-Tyne. The discussion on the 


following paper will be resumed :— ‘* Works Organisation,” 
comprising “ Manufacturing Organisation,” by Mr. A. Cc. 
Parsons, B:A., Member, “Financial O isation,” by Mr. 


Edwin L. Orde, Vice-President, “‘ Selling 
G. H. Tweddell, Member. 

THE ASSOCIATION OF MINING ELECTRICAL ENGINEERS: MID- 
LAND BraNcH.—Saturday, December 16, at 3.30 p.m., at the 
Midland Hotel, Mansfield. Paper for discussion :—‘* The Report 
on Electric Signalling. with Bare Wires, by Mr. R. V. Wheeler, 
D.Se., and Professor W. M. Thornton, D.Sc., D.Eng., and means 
of overcoming difficulties in connection with same.” 

THE STAFFORDSHIRE IRON AND STEEL InsTITUTE.—Saturday, 
December 16, at 7.15 p.m., at the Institute, Wolverhampton 
Street, Dudley. A paper will be read on “‘ Further Notes on the 
Growth of Cast Tron after ae Heatings,” by Professor 
H. C. H. Carpenter, M.A., P1.D., of the Imperial College of 
Science and Technology, London. 

THe Farapay Sociery.—Monday, December 18, at 8 p.m., at 
the Institution of Electrical Engineers, Victoria Embankment, 
W.C. (near Waterloo Bridge). The ae papers will be read : 
— Ona Precision Method of Uniting Optical Glass—the Union 
of Glass in Optical Contact by Heat Treatment,” 7 Mr. R. G. 
Parker, B.Sc., A.C.G.I., and Mr. A. J. Dalladay. ‘ The Effect of 
Pressure on the Equilibrium Constant of a Reaction in a Dilute 
Solution: a Simple Proof of the Expression,” by Mr. W. C. 
McCullagh Lewis, M.A., D.Sc. The following papers will be 
communicated by the President :—‘t Do a a Solutions 
in Iron Possess Equal Resistances?”. by Mr. E. D. Campbell. 
“Grain Growth in Deformed and Anneafé4f Low Carbon Steel,” 
by Mr. Ralph H. Sherry, M.A. Mr. Ezer Griffiths, M.Sc., and Mr. 
Eh A. Griffiths will describe and exhibit a new electric furnace 
for te-ting the softening points and compressive strengths of 
refractory materials. 

THE INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tuesday, 
December 19, at 8 p.m., at the Royal Society of Arts, John 
Street, Adelphi, W.C. The following paper will be read :— 
** Notes on the Subject of Geological Mapping. by Mr. S. Lister 
James, F.G.S. The chair will be taken by tne President, Pro- 
fessor John Cadman, ©.M.G., D.Sc., M.Inst.C.E. 

East InprIa AssociaTION.—Monday, December 18, at 4.15 p.m., 
at the Caxton Hall, Westminster. A paper will be read = 
Guilford L. Molesworth, K.C.1.E., on “ Indian Weights, Mea- 
sures, and Money.” Lieut.-Colonel Sir Albert K. Rollit, D.C.L., 
LL.D., will preside. 

THE INSTITUTION OF CIVIL ENGINEERS.—Tuesday, December 19, 
at 5.30 p.m. Paper to be further discussed :—-* Experiments on 
Earth Pressures,” by Mr. Ponsonby Moore Crosthwaite, B.A.I., 
M.Inst.C.E. 

Tue Roya Society or Arts.— Wednesday, December 20, at 
4p.m. A paper on “Classical and Scientific Education” will 
be read by Mr. Arthur C. Benson, C.V.O., Master of Magdalene 
College, ix wArT The Right Hon. Viscount Bryce, U.M., 
DCL. LL.D., F.R.S. will preside. 

THE INSTITUTION OF MINING AND METALLURGY.—Thursday, 
December #1, at 5.30 p.m., at the Rooms of the Geological 
Society, Burlington House, Piccadilly, London, W. The fol- 
lowing paper will be submitted for discussion :—‘* The Economic 
Geology of the Insizwa Range,” by Mr. W. H. Goodchild, 
Member. 


rganisation,” by Mr. 











NOTICE TO NON-SUBSCRIBERS. 


An view of the restrictions now imposed by the 
Government on the importation of paper, and of the 
consequent shortage of supplies, readers who wish 
te be sure of obtaining “ ENGINEERING” each week 
should place an order for the Journal with a news- 
agent or bookstall clerk. Owing to the scarcity of 
Paper it will be impossible in future fully te previde 
fer a chance demand fer this Journal. 
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EFFICIENCY IN NATIONAL 
ORGANISATION. 

We have never in this journal been concerned with 
party politics. Governments may come and Govern- 
ments may go, so far as we are concerned. Condi- 
tions to-day, however, are highly abnormal. The new 
Government, which has this week come into office, 
differs materially from all others in the history of the 
nation, not alone because of the special circum- 
stances under which it has come into being, but 
to 
differentiate between party obligation and individual 
efficiency in appointments to the several offices of 
State. We have on normal occasions contended for 
the choice of business men to control business 
departments of the Government, and while we 
welcome the decision of the First Minister of the 





597 | Crown on this occasion, we are not disposed, as in 


the case of others, to regard the change as a per- 
manent revolution in ministerial appointments. 
Enough for the day is the satisfaction, as well as 


600 | the evil thereof, and as the appointments thus made 
600| are almost exclusively concerned directly with the 


speeding up of those industries on which the fighting 
army is dependent, we feel justified in expressing a 
high degree of satisfaction. We hope that there 


will be less of rhetoric and more of vigorous action 





in the carrying on of the Government. It took 
seven days of trumpeting to bring down the walls of 
Jericho; to-day a battery of guns would bring 
them down in seven minutes. If the defence of our 
enemies is to be broken down, it will not be by 
trumpeting, vocal or instrumental, but by an 
adequate supply of guns and shells, and of the men 
to utilise them. 

Apart from thé admirable selection for the War 
Cabinet of five men endowed with large experience, 
extraordinary virility and high reputation, meriting 
public confidence, we have at the head of the 
business departments men whose training and 
qualifications command support among the rank and 
file of British workers. For the first time in history 
the trade, agricultural and educational departments 
are headed by men chosen because of their intimate 
knowledge of the work for which those departments 
are responsible—respectively Sir Albert Stanley, 
Mr. R. E. Prothero and Dr. Fisher of Sheffield 
University. The President of the Local Govern- 
ment Board, Lord Rhondda, is one who by training 
in industry has acquired the faculty of organisation 
to a high degree. We have a special Minister of 
Labour in the person of Mr. John Hodge, and a 
special Minister of Pensions in the person of Mr. 
George Barnes, both of them trade unionists capable 
of broad sympathies, and with such intimate know- 
ledge of labour conditions as will enormously assist 
the new Government in supporting Mr. Henderson, 
who occupies a seat, without portfolio, in the War 
Cabinet. In the case of each of these offices we 
may anticipate more forceful action, specially 
directed, with experience, towards the attaiament 
of efficiency in the man-power of the nation. But 
it is vitally essential that initiation and change 
resulting from the appointment of business heads 
of departments with new ideas and new aims shall 
not be thwarted by the mandarins of the permanent 
staff, who have had too much influence in the past. 
We have time and again contended that our man- 
power is adequate for all the work, strenuous beyond 
compare, demanded under the present stress of war ; 
what is necessary is organisation to achieve the 
fullest efficiency. This requires, first, the absorption 
in the national service of everyone physically fit, 
and, second, the utilisation of the physical effort 
of each individual in those functions where his 
personal ability can most effectively be employed. 
Most thorough organisation is necessary to secure 
these ends, but until they are achieved we have no 
right to expect victory. It is because of this that 
we welcome the appointment of three of the best of 
the trade union leaders to high posts in the Govern- 
ment, and of four or five to under-secretaryships. 
These men, endowed as they are with a patriotism 
as great as is their experience of the personal 
idiosyncrasies of the British working man, can, and 
we are sure will, assist towards the aims indicated, 
not only in organisation but by the exertion of 
personal influence. The time has come, is indeed 
long overdue, when individual predilections and 
privileges must be made subservient to the national 
aim. In this we would even include the women 
of the nation, because the work that so many have 
done with loyalty and unselfish courage shows that 
the so-called weaker sex is capable in emergency of 
service which demands endurance, continuous 
physical effort and as much intelligence as each may 


possess. 

Industry, however organised to ensure the highest 
efficiency, is in itself futile unless there is provided 
the raw material with which to feed the worker, and 
to feed the furnace and the machine tool. Un- 
fortunately, as a nation we failed in that prescience 
which would have rendered us less dependent upon 
foreign supplies, alike of food and of the raw 
ironstone and other minerals requisite for the 
manufacture not only of peace products but of 
possible war material. Even after war had been 
thrust upon us there was failure to recognise the 
fundamental requirements even of those industries 
without whose productions the heroism of our 
troops could be of little avail. We are not, however, 
going to enter upon a criticism of incapacity and 
laxity in the past. The burden of responsibility 
will, we hope, be placed on the right shoulders at 
the right time. What is wanted now, if we are next 
year to exhibit in the fighting line the full strength 
of all our man-power, is a recognition of the need 
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for drastic and systematised methods. The scientist 
has put the factor of efficiency in the forefront of 
his work, and has established clearly-defined mea- 
surements of this necessary condition. But in the 
affairs of life there has not been the same determi- 
nation to establish standards wherewith to test how 
nearly our efforts have attained the fullest achieve- 
ment individual or otherwise. We are therefore, 
glad that there has been appointed a food controller 
in the person of Lord Devonport and a shipping 
controller in the person of Sir Joseph Maclay. 
The former is an expert in food supply; the latter 
belongs to a private firm of owners of just that type 
of ship which is most urgently needed to supply our 
wants. Mr. Prothero, at the Board of Agriculture, 
and Lord Devonport, at the Food Control Depart- 
ment, can do much to achieve efficiency, first, of 
the soil of the United Kingdom, and, second, in the 
distribution and consumption of food supplies. 

In respect of the first-named necessity it cannot 
be too often urged that enough has not been done 
in this country in the encouragement of agriculture. 
We cannot expect to reap where we have not sown, 
and it should be the duty of the new war Government 
at once to tackle that problem and to increase the 
acreage of food-supplying soil, and to intensify by 
fertilisers every acre of land now yielding food. 
The limitation of acreage under crops cannot be 
explained away by the absence of labour; it is 
rather due to the inefficient use of the labour 
available. All of military age must answer the call 
to arms, but as some considerable part of their requi- 
site training takes the form of physical exercise, work 
on the farms could be of dual advantage. More- 
over, there is no adequate reason why our prisoners 
of war and interned aliens should not be put to 
work ; or, again, why black labour should not be 
imported, in order that every available acre should 
yield its full value in foodstuffs. This applies in 
equal measure to timber supply and to the afforesta- 
tion of the country. In the great moorlands it 
would be as easy to erect barbed war fences to contain 
our prisoners of war as around such comfortable 
quarters as the Alexandra Palace. The same 
conditions apply with equal force to the completion 
of great dock works, in anticipation of increased 
post-war trade, such as those being carried out by 
the Port of London Authority, and others. Such 
dock works have to be fenced in in any case, and 
the addition of barbed wire and temporary lodg- 
ment could easily be arranged for. At the same 
time the guarding of alien enemies might even be 
simplified. We are satisfied, too, that such work 
would be morally, physically and perhaps spiritually 
better for the prisoners than enforced idleness. As 
regards increased output of foodstuffs, it is a 
remarkable commentary, as instanced by Professor 
Somerville of Oxford, that we are exporting 250,000 
tons of sulphate of ammonia, whereas its use on 
the land would increase the production of wheat 
by 550,000 tons, so that in transhipment—in the 
export of fertiliser and the import of foodstuffs— 
there would be a saving of 800,000 tons. Financially 
there would be great gain, because the fertiliser 
exported, taken at an average price of 161. 14s. per 
ton, brings us only 4,175,000/., whereas the wheat 
imported costs us, at 3/. 10s. per quarter, 8,750,0001. 
—leaving a credit balance, apart altogether from 
our saving in oversea transport, of over 4,500,000/. 
Here is a case where the agricultural and food 
controllers may be able to influence, in great degree, 
the shortage of our material and food supplies by 
increasing output and economising in the use of 
shipping. 

The work of the Ship Controller is also of vital 
importance to the prosecution of the war. The 
loss of shipping by submarine attack is regrettable, 
but so far cannot be said to have achieved the aim 
of our enemies. The shortage in tonnage, which 
undoubtedly affects the situation, is due rather to 
the enormous demands made for ship tonnage to 
convey our troops and their war equipment, and 
for other purely military purposes. We are suffering, 
too, from the grave disadvantage consequent upon 
the almost entire cessation of merchant shipbuilding 
for two years, due to the absence of labour and to 
the absorption of steel for the production of war 
munitions of all kinds. Hitherto little has been 
done to rectify the situation. In a previous 
article (page 485 ante) we have pointed out how 








women’s labour may be utilised in merchant ship- 
building to an extent which is only possible of 
achievement with the fullest patriotic support of 
labour and with a high degree of unselfishness on the 
part of the women of the country. This is not a 
time for allowing social conventions to interfere with 
the vigorous prosecution of the war. Our man- 
power, including the work of women, capable 
physically and intellectually, must be utilised to an 
extent and in processes far beyond the. conception 
of bygone times. Sir Joseph Maclay’s duty is there- 
fore twofold. He must expedite as far as is humanly 
possible the building of new ships, and at the same 
time exert the greatest effort toward the attainment 
of efficiency in the use of existing vessels. The 
former work not only requires the enlistment of 
more women into the ranks of shipyard employees, 
but the inculcation of our vital need for the last 
unit of physical energy of every worker every hour 
and every day. Beyond this, there is need to 
concentrate attention on the ships which are most 
suited to our immediate requirements, and par- 
ticularly in the case of such ships which may be 
furthest advanced. This requires some measure of 
co-ordination and the pooling of workers in each 
district, as is now being done on the Wear, under 
agreement reproduced in our Industrial Notes, so that 
there shall be the quickest mobilisation of possible 
tonnage. 

The second function of the Ship Controller 
must be to utilise to the greatest possible extent 
the vessels afloat. Every engineer knows that 
efficiency must be measured by the output of 
men or machines within a given period of 
time. Thus every hour of idleness detracts from 
the efficiency attained. That this applies to 
shipping has not been fully grasped by those 
responsible for the utilisation of man-power. Every 
day that a skip of 7,000 tons deadweight capacity 
remains in port means the loss, in the case of 
a 10-knot ship, of 70,000 ton-miles per hour. 
Every week lost in port means the loss of a 
ship’s cargo of iron ore from Bilbao for our blast- 
furnaces. It will thus be realised that ship control 
requires, almost as a fundamental condition, ade- 
quate labour at ports to ensure the “ turn-about ” 
of aship in the shortest possible time. If the require- 
ments of the fighting force cannot allow a sufficiency 
of dock labour to ensure this necessity, then labour 
must in this case waive its objection to the importa- 
tion of blacks. Prisoners of war in this country 
should also be used for the work. 

The new Government for the prosecution of the 
war promises to be more capable of achieving victory, 
which is an imperative necessity for this country 
and her allies, if not for the world. But no Govern- 
ment, however capable of organising efficiency, 
can succeed unless it has the active support of 
every unit of the nation. We are sure that Mr. 
Lloyd George’s War Government will do their 
duty. Wecan only hope that the immense influence 
which each individual in the Government can exert 
in his own particular sphere of activity will help also 
to a fuller realisation of the national need. There is 
still an immense work to be done in rousing the con- 
science of a very considerable portion of the public to 
the necessity of individual sacrifice not only of money, 
but also of accustomed comforts and pleasures. As 
we have said, the individual, with all his rights 
and privileges, must become merged in the nation 
with all its grave necessities. Unless this is accom- 
plished, rights and privileges as individuals or as 
a nation may be swamped by the ruthless and in- 
human government of the enemy victor. The time 
has come when each unit of the nation, however 
humble his position or insufficient his capacity, must 
do that duty which can best promote the national 
safety. The war must be prosecuted with unity 
of purpose, mental virility and physical vigour on 
the part of each and all. We cannot win reposing 
under an eiderdown or with kid gloves on our hands. 

Nor can we listen to the enemy’s official over- 
ture for peace negotiations, except his terms agree 
with ours, which are to make certain, beyond 
possibility of doubt, that our children and our 
children’s children shall not be wantonly subjected 
to the horrible experiences of our generation of 
devilishly conceived barbarities, of scientifically 
planned cruelties, of “red ruin and the breaking 
up of laws.” 








THE SPECIFIC HEAT OF SUPERHEATED 
STEAM. 


We do not know whether it was the physicist 
or the engineer who was the first to suspect that 
Regnault’s value for the specific heat of super- 
heated steam was, to say the least, inadequate, 
although it does represent fairly the average value 
of the specific heat of steam in the actual con- 
ditions of his experiment. At any rate engineers 
were soon led by the discrepancies observed in 
engine practice, when the steam supply was not 
only superheated but also at high pressure, to 
conclude that the specific heat of such steam 
increased considerably as the pressure rose. Opinions 
varied greatly, however, as to the amount of 
this increase, and the necessity for further experi- 
ment became obvious. These were instituted in 
a number of different laboratories, and it would 
perhaps not be unfair to say somewhat light- 
heartedly. The difficulties of the experiment were 
far from being suspected, and indeed it was not 
till some years later that it was pointed out that 
even the values for the specific heat of the per- 
manent gases as determined at the Reichsanstalt 
were vitiated by systematic errors. With steam 
the difficulties attending the use of a similar method 
are much greater, and perhaps insuperable when 
the pressure of the steam is much higher than that 
of the atmosphere. At one time it was hoped that 
the elaborate and costly experiments of Knoblauch 
and Jakob had practically settled the matter, but 
the values found have proved to be irreconcilable 
with the observed pressure, volumes and tempera- 
tures of the steam, and in the neighbourhood of 
saturation are particularly erroneous. The diffi- 
culties attending their method of experimenting 
may be gauged by the fact that in still later experi- 
ments by Knoblauch and Mollier the corrections 
which it was necessary to apply were of the same 
order as the variation in the specific heat sought. It 
has, in fact, taken nearly twenty years’ experiment 
before it has been possible to determine with pre- 
cision the specific heat of steam at atmospheric pres- 
sures when superheated some 5 deg. C. The im- 
portance of an accurate determination of the specific 
heat in these conditions is very great. The average 
value of the specific heat of steam at this pressure 
when highly superheated is fairly well known, 
and by determining its variation with rise of 
temperature, the total heat of steam at atmospheric 
pressure and at any temperature becomes known. 
With this acquired the total heat of steam at any 
other temperature and pressure can be found by 
a relatively simple experiment, in which the steam 
is expanded through the equivalent of the porous 
plug used by Thomson and Joule in determining 
the deviation of air and other gases from the 
theoretical standard of perfection. 

The new determination of the specific heat of 
steam at atmospheric pressure and near its saturation 
point has been effected in Professor Callendar’s 
laboratory by Mr. J. H. Brinkworth, A.R.CS., 
B.Sec., and was described in a paper read before the 
Royal Society last year and since published in 
their ‘“ Philosophical Transactions.” The result 
reached was a value of 0.4856 at 104.5 deg. C. 

The plan followed was to pass a current of steam 
over an electrically-heated coil, and to note the 
rise of temperature and the weight of steam passed. 
The specific heat could then be deduced from the 
electric energy expended on the coil, which could 
be determined with very great accuracy. To 
ensure precision in the temperature measurements 
these were taken with platinum thermometers. 

The earlier experiments of the series suffered 
from two defects, viz., a loss of heat by con- 
duction and radiation, which was appreciable in 
spite of the relatively low temperature of the 
steam and the care taken to insulate the appa- 
ratus. Again, steam in the immediate neigh- 
bourhood of saturation is extremely liable to carry 
over with it small particles of water in suspension. 
If the water be pure these tend automatically to 
evaporate, since a drop of pure water can never be 
in equilibrium with steam at the same temperature. 
Its surface tension tends, as it were, to assist evapora- 
tion by squeezing out the molecules. If, however, 
the water contains any impurity dissolved in it, the 
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vapour pressure corresponding to a given tempera- 


ture is lowered, and hence a drop of such impure 
water may persist even when its temperature is the 
same as that of the surrounding steam. To attain 
the standard of accuracy desired it was necessary 
that the steam should not contain as priming more 
than one part in 100,000 of water, and as water 
has some solvent action on glass the boiler and 
connecting tubes used in the final series of experi- 
ments were made of block tin, whilst the calori- 
meter itself was enclosed in a vacuum vessel of 
fused silica. Even then, however, it was found that 
the results obtained were not absolutely independent 
of the rate of flow, showing that there was still 
a perceptible loss by radiation and conduction. 
The necessary correction was determined by 
making observations at three different rates of 
flow, and assuming that the loss could be expressed 
by two terms, one proportional to the temperature 
rise and the other inversely proportional to the 
rate of flow. The three observations at different 
rates of flow provided the means of eliminating these 
two terms, which were in any case small. 

It was further found that a sufficient distance 
must be allowed between the heating coil and the 
thermometer, or the steam would not be thoroughly 
mixed, thus giving rise to discordant readings. 
Passing the flow through wire gauze was found to 
be but an imperfect method of securing an adequate 
mixture, better results being obtained when the 
steam was compelled to follow a spiral path in 
passing from the heating coil to the thermometer. 

As already stated, the value finally obtained for 
the specific heat of steam at atmospheric pressure 
and at 104.5 C. was 0.4856. One result of this 
research would appear to be that the direct 
determination of specific heats at high temperatures 
and pressures by similar methods is impracticable, 
as the errors arising from the various causes above 
mentioned would all be aggravated, and this no 
doubt accounts for the fact that Knoblauch and 
Jakob’s values of the specific heat of steam 
which have been relied on by many computers of 
steam tables, are inconsistent with the better-known 
values of the corresponding pressures and volumes. 
Such tables, when used in reducing steam engine 
and steam turbine tests, give efficiency ratios 1 to 2 
per cent. too high. On the other hand, boiler tests 
suffer, as the evaporative efficiency is higher than 
the tables would indicate. 





SOCIAL AND INDUSTRIAL CONDITIONS 
AFTER THE WAR. 

TuE treatment of the question of the social and 
industrial conditions to be established after the war, 
by so eminently qualified an authority as Mr. F. W. 
Lanchester, who discussed this subject in his 
presidential address before the Junior Institution 
of Engineers last Monday, is to be welcomed. In 
previous papers and addresses to our technical 
societies Mr. Lanchester has manifested the same 
originality of thought and acuteness of observation 
and deduction, which, according to a_ leading 
authority, made the original Lanchester car in a 
number of important details some five years ahead 
of all competitors, and his address as president 
exhibits the same qualities. 

In his version of the story of Prometheus, as 
related in the “‘ Water Babies,” Kingsley maintains 
that Epimetheus was the wiser of the two brothers, 
and that by his constant study of the past he at 
length reached a stage in which he could often 
make reliable forecasts as to the future, whilst the 
conclusions reached by the a priori methods of his 
impulsive brother were constantly falsified by 
events. Epimetheus accordingly became, Kingsley 
says, the direct ancestor of the engineer and of all 
others who have contributed to the moral and 
material progress of the race. In due accord with 
such ancestry, Mr. Lanchester attempts to deduce 
what has to come from what has been, and ventures, 
accordingly, to doubt whether the present will be the 
final war. About every hundred years, apparently, 
Some individual with more power concentrated into 
his hands than it is good for a human being to hold 
starts a world war, in which the advantages of a 
central position and of unity of control for long 
offset the greater resources of those banded to 


Lanchester holds the present war as in no way 
more serious than the Napoleonic wars of some 
hundred years ago. In this latter case it must be 
admitted that the nations to be brought under sub- 
jection were offered in return considerable material 
advantages in the abolition of feudal privileges if 
they consented to the emperor’s schemes. Joseph 
Napoleon would have undoubtedly given the 
common people of Spain a better government, 
even if an alien one, than they ever enjoyed up till 
very recent days. So, too, a submission to the 
Hun would undoubtedly involve material gain to 
certain classes of the community. Industrial 
capital would certainly be much more secure, 
such events as the great railway strike of 1912 
or that recently threatened in America being im- 
possible where the Prussian drill serjeant holds sway. 
As in the case of Spain, however, the very classes 
which would benefit most by the alien success have 
been those most strenuous in maintaining the neces- 
sity of resistance to the end. As in the Napoleonic 
wars, there is in this country a small minority 
anxious for peace at any price, but whilst it was the 
upper classes in Spain who furnished the bulk of 
these recreants, the majority of them in the present 
catastrophe belong to the proletariat, who have all 
to lose. The one recruit of intellectual importance, 
Mr. Bertrand Russell, is distinguished as a mathe- 
matician whose main endeavour has been to 
divorce mathematics from the facts of experience, 
and apparently he attempts to follow the same 
system in practical politics. Here, again, history 
repeats itself in curious fashion, since Laplace was 
charged by Napoleon with bringing into the ad- 
ministration of the office to which he was appointed 
the spirit of those infinitesimals to the study of 
which he made so many contributions of first-rank 
importance. 

We are also frequently assured that after the war 
the fatal policy of restricting output will be aban- 
doned by the working classes, and, undoubtedly, 
unless production can be greatly increased the 
whole standard of living in these islands must be 
most materially degraded. Looking to the past, 
however, and in view of the fact that every plan for 
increasing production has hitherto met with the 
uncompromising hestility of the men, Mr. Lan- 
chester is more hopeful than sanguine as to this 
all-essential change of policy being accepted. This 
fear is not lessened by the continued declaration of 
certain of the men’s spokesmen that ‘‘ the hard-won 
rights and privileges” temporarily foregone at the 
national call must be restored in toto at the end of the 
war. Unfortunately, the class of publicist to whom 
we have already referred above, having accepted 
in ante bellum days at their face value German 
declarations of all sorts, whether as to their entire 
innocence of criminal intent or as to the superla- 
tive merits of their kultur, still guilelessly accept 
the foregoing claim, without inquiry into the real 
character of the so-called rights and privileges in 
question. 

An instructive example, both as to the nature of 
these so-called rights and to the extent of the 
actual waiver, is afforded by a case tried in the 
munitions court at Stockton last September. In this 
case a union official was charged with fining a 
workman because he had spent but 54 hours over a 
job for which the “ recognised time * was 9} hours. 
Mr. Lanchester contributes in his address another 
striking instance as to what there rights and 
privileges imply. Certain turret-lathe work, he 
states, was found to take much more time to 
execute than the nature of the job and the excellent 
special tools provided warranted. Changing the 
operator and machine effected no betterment, even 
when the work was done in different sections of the 
factory. At length one day, to meet an emergency, 
a number of the articles in question were made in 
the tool room, using an ordinary engineer’s lathe 
and the ordinary equipment of tools, Evidently 
the men had never imagined that a special job of 
this character would ever be transferred to an 
ordinary lathe, and their carefully organised pre- 
cautions to restrict the output failed accordingly, 
The result of the transfer was that the time taken 
per piece was less in these very unfavourable con- 
ditions than it was when the work was done on the 
turret lathe with every possible facility for rapid 








output. Of course, if the men insist on the letter 
of their agreement, the nation must keep to its 
bargain, but it should at least be clearly cognisant 
of the precise nature of the demand made. 

Probably all workmen would admit as an abstract 
principle that in the long run the working classes 
are themselves the heaviest sufferers by the increase 
of costs due to such restrictions as the foregoing. 
If bricklayers and plasterers do per diem less than 
one-half the work reasonably due and less than 
one-tenth of the record rate, house rents must be 
correspondingly raised, and the accommodation 
available for a given rent diminished. The same 
rule obviously applies throughout, but the real 
difficulty lies in the fact that though in the ulti- 
mate outcome no class benefits more by the 
introduction of improved methods of production 
than the working classes, which in the aggregate 
are the largest consumers of all staple commodities, 
the immediate effect of such innovations on the 
individual workman may be temporarily disastrous. 
Employers, we fear, have given less consideration to 
this aspect of the question in the past than was 
wise. 

Mr. Lanchester’s logic may be unassailable 
when he declares that “ it is an injustice that two 
men of equal industry, skill and ability, engaged 
and working under the same cenditions, should 
receive one double that of the other.” Logic is, 
however, but an inadequate guide to the conduct 
of life ; and some further considerations are apposite. 
Many years ago, for example, certain flanged 
plates required in large numbers by a firm were 
made by skilled smiths at a net cost of some 
10s. a piece. A special machine was then put in 
to do the work, and was operated by a labourer 
who, at a piece rate of a few pence per dozen, 
made what was possibly reasonably fair pay for a 
labourer, but was much less than the rate paid to 
any one of the many men he replaced. In this 
instance the gain was so large that there could be 
no financial disability in the matter of paying the 
operator at least as much per week as was paid 
to one of the hands superseded, and had this 
been done the innovation would, we believe, have 
rankled less and the organised opposition to further 
improvements would have diminished. 

The experiment, now being tried by Mr. Ford, of 
paying his men at rates very materially in excess 
of those current in the open market is, we conceive, 
of great importance in this connection. For the 
current rates the employer purchases at present the 
use of the workmen’s muscles, and but little more. 
His mind remains in the main at his own disposal, 
and is, as matters stand, even more frequently used 
for hindering than for promoting progress. The 
ultimate success of Mr. Ford’s scheme depends on 
whether or no the workman will be more ready than 
before to direct his thoughts to helping the 
management in the direction of improving output 
and reducing waste, and some years must elapse 
before either a decided negative or affirmative can 
be returned as answer. The demand for equality 
which so many assume to be the strongest of the 
passions of the proletariat is, we imagine, less 
deep-rooted than would be gathered from the 
declamations of labour leaders. Some of the latter, 
no doubt, have denounced the Ford experiment as 
a return to feudalism, but there is little evidence 
that the rank and file of the workers resent the 
special advantages of the Ford employees. 

In these days of a demand for “equality of 
sacrifice,” by which is to be understood the claim 
that whilst all classes take an equal share in the 
risks of active service the well-to-do are in addition 
to be taxed out of existence, some considerations 
advanced by Mr. Lanchester are peculiarly timely. 
Owing to the fact that some exceptional individuals 
have had the self-restraint to save, implements 
have been provided by the use of which the average 
man gains a living with less effort than at any past 
period of human history. Curiously enough, the 
man who risks his whole fortune in the attempt 
to create a new industry, unlocking fresh sources of 
wealth, is denounced as an exploiter, an epithet 
which, whatever its implication, is for the most part 
avoided by the cautious unenterprising investor 
in municipal or Government securities. Whilst in 
speech the investor in industrial securities is 
denounced for profiteering, in practice, as Mr, 





siders the return as far too small to tempt him. 

Somebody or other has, in fact. to find a sum 
averaging about 200]. a head for each workman em- 
ployed in manufacturing industries. Such a sum is 
not beyond the capacity of a healthy young man 
engaged in the skilled trades to: save before middle 
life without any inordinate degree of self-restraint ; 
but the prospect of being their own capitalists has 
never yet proved particularly seductive to our 
working classes. In fact, Mr. Lanchester observes 
that whenever the investments of trade-union funds 
in railway stock, or the like, amount to 5l. per head, 
industrial troubles in that particular trade may be 
anticipated with considerable certainty. The reason 
given by the men is that, owing to the low rate of 
return (which when received by others is denounced 
as inordinately great), the sums so invested are, to 
use the workman’s phrase, ‘‘ doing nothing.” 

Probably in their reluctance to become their own 
capitalists workmen are wise. Investors in this 
country have been somewhat reluctant to support 
adequately the so-called non-productive services on 
which the efficiency of every factory is all-dependent, 
and judging from the rate of remuneration the 
unions deem adequate for the men they employ 
to think and organise for them, matters would be 
hopelessly worse under proletariat proprietorship. 
Of course the whole subject of economics has been 
aborted ab origine by the failure of writersof all schools 
to recognise the predominant part played by mind 
in the creation of wealth. No doubt such a recogni- 
tion would greatly complicate the science, as it 
would involve, amongst other matters, a distinction 
between intrinsic and exchange values. Faraday’s 
researches on electro-magnetic induction had, for 
example, a high intrinsic value at the very outset, 
but their exchange value was for long extremely 
small. 





THE NAVAL WAR AND THE SIZE OF 


BATTLESHIPS. 
By Writuram Hoveaarp, Brookline, Mass., U.S.A. 


Tux development of modern battleships exhibits 
a persistent and universal tendency towards an 
increase in displacement, caused by the ever- 
growing demands of naval men to improve nautical 
and military qualities. At times this movement 
has been arrested by technical improvements—in 
the manufacture of armour, in the design and 
construction of machinery, in the choice of fuel, 
&c.—which have allowed a saving in weight. But 
more frequently the movement has been checked 
by a reluctance to spend large sums on individual 
ships and by a fear of an undue concentration of 
risks. 

Such checks in the evolution were indeed 
only temporary. Soon the designers had to resort 
to the old remedy of increasing the displacement, 
which enabled them without difficulty to augment 
the power of the battery and to carry a greater 
store of ammunition, fuel, and other supplies, and 
at the same time to enlarge the living spaces. These 
advantages, however, were of a quantitative nature 
and could not by themseives explain such a policy, 
since they could be attained by simply multiplying 
the number of units, maintaining the displacement 
of each unaltered. It is clear that the growth 
in size must have been accompanied by other more 
important and intrinsic advantages, inherent in 
larger vessels and not subject to addition. 

There is no difficulty in building much larger 
battleships than those now existing, and it is easy 
to show that larger vessels, within rather remote 
limits of size, are in nearly all respects technically 
superior to smaller, but the problem cannot be 
solved on purely technical grounds. It is bound 
up with political, financial, strategic, tactical, and 
hydrographic conditions, all of which have to be 
considered. 

In the following we shall attempt to take all 
these factors into account, but, in view of recent 
advances in submarine warfare, it is necessary first 
to show that battleships, as well as battle-cruisers, 
are still indispensable and capable of holding their 
own against submarine attack. Submarine dangers, 
moreover, are of particular interest in the present 
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in every stage of the discussion on the size of 
battleships. 
BATTLESHIPS AND SUBMARINE ATTACK. 


Barely ten years ago the submarine, after a long 
period of experimental work, reached the point 
where it became serviceable as a warship. It soon 
assumed a place as an integral part of the naval 
forces of all maritime countries, and a great number 
of boats of increasing size and power were built 
under steady improvement of details. At the same 


|time destroyers, which had shown their offensive 


value in the Russo-Japanese War, were being 
rapidly developed, and great efforts were made to 
perfect and complete the outfit pertaining to the 
use of submarine mines. Many contended that the 
days of battleships were over. 

Naval constructors were not blind to the dangers 
that threatened the security of battleships as a 
consequence of this development. Experiments 
were made in several countries to determine the 
best means of protection against submarine attack, 
and various special features of construction were 
adopted for this purpose. A number of vessels, 
moreover, were fitted out as mine-sweepers. These 
measures, however, did not keep pace with the 
growth in the efficiency and power of submarine 
weapons, and when the present war broke out, 
battleships, and indeed all large warships, were at 
a serious disadvantage in all seas where submarines 
and mines could be employed. The preventive and 
protective preparations against submarine dangers, 
dictated to some extent by experiments and by 
experiences gained in peace manceuvres, but based 
chiefly on theory and imagination, proved entirely 
inadequate. The realities of war took the place of 
imagination, and acted as powerful stimuli in the 
efforts for defending and protecting battleships and 
all other vessels liable to submarine attack. England, 
in particular, had to protect at any cost her trade 
and transports as well as the patrolling and block- 
ading warships. The Admiralty at once took 
vigorous measures and made use of all available 
means, however imperfect and improvised they 
might be at first, in order to combat the submarine 
dangers. New methods and means of attack and 
defence were devised. Small, fast patrol vessels of 
special design were constructed in great number, 
and it appears that an extensive use was made of 
entanglements, wire netting and seining. Sea- 
planes were perfected and multiplied and the 
number of mine-sweeping vessels was enormously 
increased. 

These measures soon had a damping effect on the 
submarine warfare carried on by the Germans in 
the waters surrounding the British Isles, but it must 
be noticed that at the outbreak of the war Germany 
possessed at the most 40 submarines, most of them 
too small for service outside the North Sea. This 
number, although later very considerably augmented, 
was entirely inadequate for the attempted opera- 
tions, which had for their main object the strangu- 
lation of the maritime trade of Great Britain. 

In the war against submarines the active or 
offensive means of defence seem to have proved, as 
usual, the most effective, but also passive means of 
defence were vigorously developed, chiefly in safe- 
guarding by means of mines and nets the entrances 
to naval ports or anchorages and the most important 
areas of coastal waters. In the design of warships 
it is said that new structural features were adopted, 
but details are unknown. 

Although the efforts to defeat submarine attacks 
have been on the whole successful, battleships are 
still forced to operate with the greatest caution in 
narrow seas where enemy submarines have a base. 
In the Heligoland Bight action, August 28, 1914, 
the British battle-cruisers, which acted as support 
for the flotillas, kept well in the rear in order to 
avoid submarine dangers, and did not take part 
in the action till their assistance was required. 
While thus waiting, they were attacked by three 
submarines, and avoided the attack only by rapid 
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manceuvring. When called in support of the lighter 
vessels, they proceeded at full speed but, finally, 
had to abandon pursuit of the enemy due to the 
reported presence of floating mines to the eastward. 
Again, in the battle of the Dogger Bank, it was the 
dangers from German submarines and mines that 
ultimately prevented further pursuit of the German 


battle-cruisers. In the Mediterranean, at the 
beginning of the war, the number of submarines at 
the disposal of the Central Powers was much smaller 
than in the northern seas, and the artillery vessels 
of the Allies were able to take an active part in the 
operations. Thus, in the attack on the Dardan- 
elles, battleships were at first freely employed, but 
in May, 1915, German submarines commenced to 
appear and the more modern and valuable battle- 
ships of the Allies were at once withdrawn. Later, 
when the Triumph and Majestic were destroyed by 
a submarine in spite of all possible precautions, 
the older battleships were ordered to take shelter, 
except when they were required for bombarding the 
enemy’s works. There can be no doubt that if the 
number of submarines in the Mediterranean were 
sufficiently increased, the condition would be much 
the same as in the North Sea and the Baltic. On 
the other hand, it must be admitted that submarines 
themselves are exposed to the greatest dangers 
when operating in waters that are under the sur- 
veillance of a vigorous enemy, and that they have 
failed so far in obtaining control of such waters. 
The North Sea, the Baltic and the Mediterranean 
are in fact at the present time under the immediate 
control of various classes of light, fast surface 
vessels, and are ultimately under the domination 
of large armoured artillery ships, as evidenced in 
the battle of Jutland. 

On the ocean, at a distance from the coasts, the 
large seagoing artillery ships, aided by light cruisers 
and destroyers, are still uncontested masters. This 
is proved by the fact that the British Navy is to-day 
in command of the high seas in virtue of its superior 
battle-fleet, which acts as a latent, potential power. 
It is owing to this power, which so far has been 
required to exert its energy but once, that the 
German flag has disappeared from the ocean and 
that the German fleet is imprisoned in its ports. 
British cruisers, which German submarines bave 
been unable to drive into port, are patrolling all 
the seas, protecting the trade routes, while patrol 
vessels guard the home waters at points where 
routes converge. Occasional raiders are destroyed 
or driven into port, not by submarines, but by 
surface vessels. The mastery of the sea and the 
maritime connections of Great Britain are thus 
maintained, essentially by means of vessels armed 
with artillery and in spite of the energetic, skilful, 
and ruthless submarine warfare carried on by the 
Germans. 

The question now to be considered is, how long 
this hegemony of the artillery ships is likely to last. 
It is certain that the number of submarines will be 
immensely increased in the future. Boats of 
larger size and better seagoing capability will be 
built, speed and endurance will be improved, and 
the day will undoubtedly come when submarines 
will be able to operate everywhere on the ocean and 
keep the sea for more extended periods. It is 
impossible to say when this point will be reached, 
|but so far the development towards larger sea- 
going types of submarines has been relatively slow, 
chiefly on account of the difficulties of providing 
satisfactory propulsive engines of sufficient power 
on reasonable weight. It must be admitted, how- 
ever, that this problem may be solved sooner than is 
expected, perhaps in the near future, and our judg- 
ment as to the utility of battleships must be based 
on this possibility. 

Battleships must then operate on the ocean under 
the same precautions as now employed in the narrow 
seas. They will venture outside their safe ports 
only when their presence is required to fight the 
enemy’s artillery ships. They will go at high speed 
whenever they are threatened by submarine attack. 
and must be guarded by screens of light vessels 
of various types and probably also by aircraft. _ 

Submarines, on the other hand, due to the in- 
evitable hardships of service on the ocean, will 
have relatively small endurance. If the field of 
operation is at a great distance from the base, the 
time of effective service will be much curtailed and 
the risks from breakdown of machinery or other 
accidents, when such boats are unaccompanied by 
surface vessels, will be immensely increased. Hence. 
in order to carry out an effective submarine blockad« 
or patrol service over an extended area, a very great 
number of boats is required, and the wastage }s 
apt to be considerable. With submarines on their 
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present standpoint, it would be impossible, for 
instance, for any European power not in possession 
of advanced bases to maintain a tolerably effective 
submarine blockade of the Atlantic coast of the 
United States, even if a very great number of boats | 
were available for this purpose. Such service | 
would be at the best in the nature of raids. 

Let us now consider the problem from a tactical | 
point of view. Submarines will, always have 
relatively slow speed, especially when submerged, 
and it will be far more difficult for them to get into 
position for attack in the open sea than in con- 
gested channels or at points where trade routes 
converge. When they are submerged with only 
the periscope above the water their range of vision 
will ordinarily be very limited. When they are in 
the surface condition they are liable to detection 
by destroyers or other light and fast vessels, which 
will be employed to escort the artillery ships and 
probably also to convoy transports and important 
merchant vessels. That the airship and seaplane 
service for scouting and detection of submarines will 
be developed to higher perfection seems as certain 
as that the use of submarines will be extended. 
Once a submarine is detected, it will be attacked 
with shell fire, bomb-dropping, ramming, and 
seining, while the large surface vessels, whether 
warships or merchant ships, may, if desired, with- 
draw to a safe distance. Since submarines are 
unable to carry armour protection of anything but 
the lightest description, they are very vulnerable 
to artillery fire. 

Summing up, it appears that submarines, even 
if developed considerably beyond their present 
standpoint, have small chances of carrying out 
successful attacks on well-guarded battleships on 
the ocean. The development of the submarine, 
moreover, is likely to be very gradual and will be, 
at least to some extent, matched by progress in the 
active and passive means of defence at the disposal 
of the artillery ships. It is concluded, therefore, 
that the ‘stbmarine, although an important type 





further steps towards ascertaining how far these 
preliminary proposals are likely to meet the re- 
quirements of the case. 


GRAPHITE AS A CYLINDER LUBRICANT. 


Some 20 to 25 years ago many engineers thought 
that they had solved the problem of cylinder 
lubrication by the use of powdered graphite instead 
of oil. Graphite was found to have excellent 
lubricating properties, it would withstand un- 
changed the highest temperatures reached in a 
steam engine cylinder, and had no bad effect on the 
boiler if passed into the latter with the feed. 
Experience, however, whilst confirming all the good 
qualities of the graphite lubricant, added one of a 
contrary character, viz., the tendency of the powder 
to collect in ports and passages, and behind piston 
rings, blocking up, in short, any opening or cavity 
to which it could gain access. This drawback 
proved so serious as to lead to a return to cylinder 
oil, in spite of the difficulty of excluding it from the 
boiler. The impression thus made has naturally 
handicapped subsequent ‘advocates of graphite 
lubricants, as it was necessary to convince possible 
users that the difficulty above-mentioned had been 
overcome, and no adequate demonstration could be 
afforded by a short time test. Special interest 
attaches, accordingly, to a paper recently read 
before the Birmingham Association of Mechanical 
Engineers by Mr. W. E. Johnston. In this paper 
the author stated that “ Aquadag” had, since 
February, 1912, been used as the sole cylinder 
lubricant for a plant consisting of three 50-kw. 
high-speed steam dynamos, two deep bore-hole 
pumping engines, and various subsidiaries, all 
working with steam supplied at 120-lb. gauge 
pressure by three Lancashire boilers, unprovided 
with a superheater. During five years of almost 
continuous working which have since elapsed there 
has been, it is stated, no trouble whatever, either 
from clogging of passages, the presence of graphite 
in the boilers, or from inefficient lubrication. All 
rubbing surfaces have remained in excellent condi- 


of warship, will not for some time to come be able | ™ , : ] . 
to drive the seagoing battleship from the ocean. | on, and the slide valves, in particular, are without 
It is not asserted, on the other hand, that this will |® trace of scoring. The boiler surfaces are clean 
never come to pass; in fact, unexpected technieal|down to the metal and entirely free from any 
improvements may some day bring about this | Suspicion of pitting. As most engineers know, 
result, but it would be unwise to base the naval | “ Aquadag” is a colloidal solution of graphite in 
policy on such an uncertain contingency, which may | Water. The particles of graphite are so minute 
perhaps never be realised. Basing our judgment that they remain in a permanent state of suspension, 
on the actually existing conditions in conjunction |just as has done the colloidal solution of gold 
with the history of the previous devélopment and | preserved at the Royal Institution, which was 
recent war experiences, it appears that the sea- | made by Faraday nearly half a century ago. The 
going battleship must yet for some time to come | constituent particles of a colloidal solution all carry 
remain the supreme type of warship with all naval | and maintain an electric charge, and itis this charge 
Powers, for whom command of the ocean is under | Which prevents the particles from coagulating. 
certain circumstances a necessity. | Their diameter is so small that they pass readily 
; 'through the finest filter paper. If, however, the 
| charge on the particles is destroyed by the addition 
of a little acid or other suitable electrolyte, the 
| particles coagulate and deposit, and can, moreover, 
then be readily filtered out. This point requires 
THE PRoPpOsED ORGANISATION OF WORKERS IN | to be borne in mind when dealing with all colloidal 
IRON AND STEEL. solutions. To ensure an even supply of the lubricant 
THE committee of Scottish iron, steel, engineering, | to his engines, Mr. Johnston has devised a simple 
shipbuilding and allied industries appointed last|form of sight-feed lubricator in which the 
August to consider steps for better organisation has | Aquadag”’ passes up, drop by drop, through a 

now issued its report. The committee assumes that | column of paraffin oil. 

the Government will in future take a more active 
part in encouraging industrial developments: and 
lays stress upon the all-importance of increased | The enormous rise in the prices of potassium salts, 
productivity. It is recognised that this aim cannot | which last winter exceeded in the United States 
be obtained without the willing co-operation of | more than 10 times the pre-war rates, has given 
labour, which will, accordingly, be solicited. A} a powerful stimulus to the efforts for utilising all 
central organisation is proposed, to furnish Govern- | available potassium sources. We recently referred 
ment departments with data and to maintain a to the revival in the kelp industry, the extraction 
propaganda for educating and informing public | of the potassium salts contained in certain tangs, 
opinion. This body should, it is proposed, com- | which is conducted on the Pacific coast in a more 
prise representatives both of masters and men, and | systematic, yet apparently not much more re- 
its meetings should be presided over by a Minister | munerative way than on our shores. During the 
of Industry. For special purposes Government last decade attempts to utilise the potassium of 
departments may also, it is suggested, be represented | minerals like feldspar and mica, which make up 
on this committee. The proposed Minister of | granite, porphyry, gneiss and other rocks, have been 
Industry should, it is held, be associated neither | multiplied, especially also in the United States. All 
with the employers’ nor the workmen’s side of the these minerals are insoluble, and are complex silicates 
industry, and the individual appointed should not | containing potassium and aluminium in addition to 
have merely a legal or a political qualification, nor | greater or smaller percentages of other metals, none 
should his appointment or -retiral be dependent | of which can, apparently, be isolated and extracted 
on changes of Government. In the meantime a | except by indirect and mostly expensive operations. 
temporary committee is to be appointed to take | Yet the natural decay of feldspar, &c., yields 
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clay and alumina, while the alkali salts are carri 
away, mostly as carbonates probably, The time 
factor is very important in this disintegration and 
decay, which is the result of atmospheric attacks 
by rain, frost, sunshine, carbon dioxide and of other 
slow chemical reactions, and the point is to accelerate 
these reactions in the laboratory and in works. Dry 
heat, steam under pressure, alkalis and acids, lime, 
fusion with ores, cement, blast-furnace slag, sul- 
phates, phosphates, &c., have been tried with more 
or less success. There are many partial solutions 
of the problem, but none seems economically satis- 
factory so far. According to Drs. B. Neumann 
and F. Draisbach, of the University of Breslau, the 
chances of competing against the natural potassium 
salt stores are unfavourable. Their articles (in the 
Zeitschrift fiir Angewandte Chemie of August 15 
and 22, 1916) are useful, because they give a long 
list of the many processes suggested and patented 
and of the literature on the subject, and because 
they describe a comprehensive series of experiments 
on the yields of many reactions which they investi- 
gated. But we need not accept their conclusion, 
though we are far from advocating on general 
grounds the manufacture in works of products which 
nature supplies. The experiments of Neumann and 
Draisbach were made mostly with a Norwegian 
feldspar containing about 10 per cent. of potassium 
oxide K,0. Not more than 5 grammes of the 
mineral, more or less finely ground, were used by 
three methods: (1) Heating with water and 
chemicals in an autoclave at pressures up to 12 
atmospheres; (2) dry heating with chemicals ; 
(3) heating about 750 deg. C., with or without 
chemicals, so as to volatilise the potassium salts. 
The chemicals tried were lime—slaked or not, alone 
or with other reagents—common salt, calcium and 
magnesium chlorides, caustic soda, hydrochloric 
acid (as dry HCl gas or aqueous acid), &c. In many 
cases the yields of potash were poor. On the whole, 
dry heating gave better yields than the autoclave, 
and the authors find that potassium chloride begins 
to volatilise at 750 deg. C. and can practically be 
expelled at 850 or 900 deg., quantitatively so at 
1,300 deg. ; in this respect they differ from other 
observers like Lindblad, who maintain that some 
potassium is retained, with the formation of leucite 
minerals. The best results were obtained with lime 
and calcium chloride; equal mixtures of feldspar 
and of these two reagents yielded up to 95 per cent, 
of their potassium, heated to 650 deg. for three 
hours, whilst the mixture of Cushman and Coggeshall 
(100 feldspar, 20 lime and 20 CaCl,) yielded only 47 
per cent. at 750 deg. Neumann and Draisbach did 
not try blast-furnace slag, which might be utilised 
hot, on the spot. Perhaps in the future a refrige- 
rating installation will form part of all big plants, 
and the disintegrating effects of repeated freezing 
and thawing will be utilised. Most of the processes 
tried were the more successful the finer the materials 
were ground, and freezing facilitates the disinte- 
gration of some rocks very much. In the United 
States the deposits of the many salt lakes of the 
West are also to be considered as sources of potash, 
as they are in Hungary, Russia and other countries. 
We should, in this connection, also draw attention 
to a very useful pamphlet of 47 pages on ‘‘ The 
World’s Supply of Potash,” recently issued by the 
Imperial Institute. The chief occurrences and the 
processes for their utilisation are ably described and 
literature references given. 








MANGANESE IN THE UniteD Srares.—The imports 
of manganese into the United States in August were 
76,721 tons, as compared with 81,942 tons in July. 
The total imports for the eight months ended Septem- 
ber 1, 1916, were 395,686 tons, as compared with 145,003 
tons in the first eight months of 1915, and 183,029 tons 
in the first eight months of 1914. American manganese 
ore imports are now considerably in excess of those of 
Great Britain. 





Aut-Inon Rattway Trarts.—Steel carriages, long 
known in America, have recently been introduced into 
Germany. The first all-iron D (express) train has been 
running since September between rlin and Cologne. 
It consists of five passenger carriages and a dining car. 
The carriages were all built by Messrs. Van der Zypen 
and Charlier, of Kéln—Deutz; the bogies are of the 
ogee type and are said to run very smoothly. 
Ww is used only for the panelling of the walls and for 
the flooring. 
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A Study of Industrial Fluctuation : An Inquiry into the 
Character and Causes of the So-called Cyclical Movements 
of Trade. By D. H. Roperrson, M.A. London: 
P. 8. King and Son. [Price 7s. 6d. net.] ; 

A stupy of this subject of trade fluctuations 

gained for the author the Cobden Club Prize, at 

Cambridge, in 1913, and its extension in its present 

form was equally successful in gaining the approval 

of the Electors to Fellowships at Trinity College, 
in 1914. It is, therefore, a pre-war work, dealing 
with principles underlying commercial action, and 
is independent of the upheaval of trade relations 
and accepted traditions. The problems that will 
arise on the restoration of peace, and which are at 
present engaging the attention of the captains of 
trade and industry, neither explain its appearance 
nor provide material for discussion. The author 
aims at probing the elemental causes capable of 
producing ‘“‘ booms” and depressions, and his 
scheme does not include the effects of sudden 
cataclysms or of superficial disturbances. He 
admits that the form in which he has presented his 
dissection of the many operations simultaneously 
at work is better designed to impress his examiners 
with the extent of research than to carry conviction 
to a more general public, and regrets that he has 
not been able to give a more pleasing setting to 
his conclusions. We share this regret. The annoy- 
ance of reading a work in which every few lines is 
interrupted by a footnote increases with every page 
turned, and the generous insinuation of references— 
limiting, extending, or explaining statements made 

in the text—adds to the difficulty of following a 

sustained, but sufficiently complex argument. 
The analysis which Mr. Robertson invites us to 

follow is interesting mainly as an academic inquiry. 

Though some suggestions of practical policy are 

submitted, we doubt their validity, for experience 

has an awkward trick of disproving the conclusions 
of economists. When fate arranges the pieces of 
the commercial chessboard in situations which have 
some great similarity to the order of some previous 
problem, it is usually with the object of discovering 
a new, and not repeating the old, method of solu- 
tion. So many authorities have been deprived of 
their pride of place that we may doubt if economic 
doctrine can be supported by rigorous demonstra- 
tion that is alike beyond the pale of controversy 
and has nothing to fear from the lapse of time or 
changing social conditions. Is it remembered now 
that Ricardo founded a school that won wide 
acceptance and became a dominant force in social 
legislation ? Yet to-day his teaching is so dead 
and effete that no English economist would do him 
reverence. Especially is it remarkable that it is 
precisely those propositions which lend themselves to 
practical conclusions, as, for example, the doctrine 
of distribution, that have been the most discredited. 
Jevons and Cairnes, from different sides, did much 
to damage a falling reputation, but these in their 
turn have also suffered from the advocates of new 
methods and new interpretation. Authority, it 
would seem, has little chance of longevity, and this 
want of stability and definiteness must be a great 
hindrance to the student of social and commercial 
economy. The orthodoxy of our age becomes the 
heresy of the next, and to rely on authority is to 
trust to a broken reed. The author enters into 
this shifting sand of conjecture and deduction, 
rather with the view of harmonising declared opin- 
ions than of suggesting new arguments or unassail- 
able reforms. He reminds us that in the eighties 
180 different causes had been assigned to explain the 
recurrence of crises and depressipns that vexed the 
soul of commercial life; by 1895 the number had 
risen to 230, and by this time probably ingenuity 
has increased the number to 500. Further, within 
the last five years no less than six treatises have 
appeared to explain this perpetual seesaw, and still 
the subject is unexhausted. He intimates that each 
writer so much overweighs the importance of his 
own contribution to this vexed subject, and so 
undervalues the views of others, that no single 
comprehensive explanation holds the field. “ It ‘is 
the author’s conviction that the most important 
work which remains to be done lies in the direction 
of developing and synthesising the various and often 





‘| conflicting opinions which have béen alread y 


e ,” and his contribution is made to that 
end; but that does not exclude original suggestion 
and illustration, which give to this work the quality 
of independence both in plan and argument. We 
fear the author will earn the thanks of few for his 
well-meant attempt, but his course is justified, for 
the more the nature of a crisis is understood, the 
more thoroughly its causes are analysed, the better 
its evils can be discounted and its worst effects 
mitigated. 

The author rules out of discussion temporary 
financial crises, and considers only the occurrence of 
alternate periods of industrial expansion and in- 
dustrial depression, terms that need very careful 
definition if one would see the issue precisely as it 
presents itself to him. The impression that one 
forms of an industrial depression is distinct enough, 
and to many the issue will be confused, rather than 
illuminated, by the author’s attempt to explain his 
purpose more clearly by introducing the mysteries 
of “ margins” and “ utility values,” clear indica- 
tions of the school to which he belongs, but of little 
use in enabling us to penetrate to the heart of the 
problem. The alternate definition of depression as 
a period in which the consumption of investors is 
smaller than anticipated is more readily appre- 
hended, especially if we are allowed to put our own 
construction on “consumption.” Mr. Robertson 
objects to this definition on theoretical rather than 
practical grounds, but admits the impossibility of 
framing a definition that shall be “ theoretically 
watertight, and in tolerable accord with popular 
usage.” This may appear an impotent, but we 
believe a just, conclusion, and warrants the sly 
remark that it is not surprising “‘ that no consistent 
and comprehensive explanation has yet been given 
of a problem, the precise nature of which it seems 
impossible to define.” 

We are quite at one with Mr. Robertson in con- 
sidering the whole problem as worthy of analysis, 
and believe that nothing but good can come from 
letting light into the complex and wayward 
character of modern industry. Progress is not uni- 
form, and the causes of disturbance are deep-seated 
and involved. The greater the number of the 
sources of dislocation, the greater the necessity for 
minute dissection. In the past there has been too 
great a tendency to consider the total effect without 
close examination of the contributory causes, and 
taking into account the impossibility of all originat- 
ing and acting simultaneously. With imperfect 
methods of analysis there was little chance of 
detecting the special features which cause modern 
industry to progress by undulations. To invoke 
sun-spots or other cosmical phenomena, a suggestion 
that dates back to the time of Sir William Herschel, 
and which, revived in a modern and less crude form, 
is discussed here, is to overlook the influence of the 
necessary intervals of time—periods of gestation, as 
Mr. Robertson calls them—which separate the crests 
of prosperity, noticeable in different trades, that 
may be started by a common impulse, but require 
different periods for development. We should 
make little progress in our knowledge of tidal theory 
if we did not regard the observed tidal wave as 
the result of the superposition of many waves, all 
differing in phase and amplitude and period. The 
periodic fluctuations in industrial productivity and 
distribution resemble tidal phenomena in many 
particulars, but the analogy must not be pushed 
too far. The tide runs up an invariable beach, its 
height and recession are easily determined by fixed 
standards, but trade statistics and fluctuations have 
to be measured from a constantly varying datum. 
Each successive expansion or depression is referred 
to a different standard, it reacts on a different world, 
on which previous fluctuations have left their 
impression. This, however, is to pursue the obvious. 
Our object is simply to emphasise the thoroughness 
of analysis which marks Mr. Robertson’s work, and 
his determination to follow the movements of trade 
whither they may lead. For methodical presenta- 
tion the subject is divided into two parts: first, an 
inquiry into the causes of fluctuations in groups of 
industries, and, secondly, an attempt to determine 
to what extent the partial fluctuations explain the 
noticeable general fluctuation. The first investiga- 
tion is subdivided into two parts: a consideration 





of the causes that affect supply, and those that*must 
be sought in fluctuation of demand. The author 
sums up his conclusions in a final chapter, in which 
are offered some suggestions as to practical remedies. 
These will be regarded as not the least interesting 
portion of the book, and it is only from considera- 
tions of space that we refrain from discussing them. 
They include possible improvements in industrial 
structure, improvements in public knowledge, 
improvements in banking policy, and improvements 
in monetary mechanism. 





The Mechanical Handling and Storing of Materials. By 
G. F. Zommer, A.M.Inst.C.E. London: Crosby Lock- 
wood and Son. [Price 42s. net.] 

Tuts work, which is written by an expert on a 
subject to which he has given much attention, 
could not have been published at a more opportune 
time. Too little use is made in this country of 
mechanical methods for handling materials at our 
ports and warehouses, with the result that the 
necessity for a poor class of casual labour is main- 
tained, such labour being used intermittently to 
an enormous extent at our docks, railway depots 
and other traffic centres. 

The treatise under notice is a very comprehensive 
one ; on reference to the contents it will be found 
that an endeavour has been made to cover the 
subject completely ; chapters being devoted to con- 
veying, elevating, transporting, storing and re- 
claiming coal, coke, grain, wood, ashes, &c., by 
mechanical means, while the examples of the 
power arrangements required for driving the 
apparatus includes steam, electric, hydraulic and 
pneumatic appliances. Although the scope of the 
work is so large the sequence is well maintained, 
and with the additional assistance of an extensive 
index it is an easy matter to refer to any particular 
system or scheme. 

The book will be useful for reference purposes in 
the office ; it contains descriptions and illustrations 
of a number of actual plants, in fact a large section 
of the book is devoted to these; but in a great many 
cases the leading dimensions are not given, and, 
further, the scales are not included on such plates 
as have apparently been prepared from working 
drawings. The descriptions are good, but would 
have been more valuable if fuller information on 
the cost of the installations described had been 
included as well as the working and maintenance 
expenses. There is an opinion current in this 
country that both capital cost and the working 
expenses of this class of plant are high; this view 
is to some extent justifiable, and therefore fuller 
information on the point would have enhanced the 
value of the work. We fully realise, however, that 
information on such matters is difficult to obtain 
for publication, and we may fairly assume that its 
absence in the volume before us is not due to any 
fault of the author. 

A large number of the schemes described are 
either of installations at work on the Continent or 
in the colonies, and it is to be regretted that so many 
of them have been designed and the plant made 
wholly or in part in Germany or in the United 
States of America. This can be attributed in a 
measure to the lack of appreciation of the services 
rendered by mechanical freight-handling appliances 
not only on the part of Government departments 
and port authorities, but by contractors generally 
in this country. The large railway companies in 
their docks, goods depots and workshops have been 
much more progressive, but even here delays in 
the expeditious loading and unloading of goods 
are not unknown, and it is very necessary that this 
state of affairs should be altered. 

The installations described by Mr. Zimmer clearly 
show that Germany and the United States of 
America are in many respects ahead of this country 
in the development and use of all appliances for 
the handling of materials during transport; the 
question of an adequate supply of labour of 
the: right kind has been a determining factor. 
Germany has aimed at training and utilising the 
employee for a more effective class of work, and in 
America high labour costs have given an incentive 
to the development and introduction of machinery 
and plants of this description; in any case both 





countries have given us a clear lead on the way to 
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proceed, and some of the schemes they have brought | known machines are referred to, the particulars are 


into use are distinctly bold. 

It is to be hoped that in the early future every 
means will be adopted in this country for releasing 
unskilled and casual labour so largely used for 
unloading coal, coke, grain and all classes of goods 
into and out of warehouses, ships and goods yards, 
&c. The method by which this work is at present 
carried out is in many cases degrading, the physical 
strain ig great and harmful, and the cost is often an 
unknown factor. The perusal of this book before 
us should make engineers who are responsible for 
handling goods study their respective problems and 
see that new methods are used in the future in order 
to reduce to a minimum (a most important point 
at the present time and probably more so in the near 
future) the number of manual labourers employed 
by them on their works. The capital expenditure 
necessary to provide mechanical appliances will 
have to be faced, but the savings to be effected are 
considerable and the advantages to the employer 
and the employee great, resulting in a net gain. 

It is surprising that rope-ways have not been 
used more fully in this country on large contract 
work ; the chapters in Mr. Zimmer’s book dealing 
with this type of equipment are most interesting, 
and the particulars given of the schemes, some of 
which are unique, are complete. The single rope 
system is fully described. 

The methods described of dealing with hot coke 
in gas works and the handling of coke from coke- 
ovens are also useful; a number of installations 
are described, but the author does not express an 
opinion on the possible developments. The real 
trouble with plants for handling such a material 
as coke is excessive wear of the chains, pins, bearings, 
&c., and it would have been of value if the author 
had given us the results of his experience on the 
question of maintenance. 

The methods employed for disposing of ashes are 
dealt with in chapters specially devoted to the 
schemes used—(1) at sea, and (2) for power and other 
central stations. In the case of the former the 
methods and apparatus are generally well known, 
in the case of the latter the newer method of dis- 
posing of the ashes by pneumatic power is described 
and illustrated; only a few plants cf this class 
have so far been installed in Great Britain, and the 
particulars given should be interesting to those who 
have to deal with this subject. 

The author only allots a small space to the 
Telpher or overhead runway. s this is an econo- 
mical and useful scheme for transporting coal and 
coke, particulars and descriptions of a larger number 
of existing plants might have been included, 
especially as the system can very often be installed 
in old and scattered works where other systems 
might be difficult, if not impossible. The question 
of obtaining wayleaves for overhead runways and 
rope-ways, the provision of private sidings and the 
supply of railway trucks has been in this country a 
difficulty in the past, but it is hoped that with the 
action which the Government have taken due to the 
war and the urgent necessity for promptness, a more 
reasonable attitude will be taken with those anxious 
to have proper facilities for the quick transit of 
their productions. 

In the section dealing with the unloading of 
grain from vessels, &c., all the known systems are 
included under three main headings:—(1) The 
blast system; (2) the suction system; and (3) 
the combined suction and blast system. The 
three systems are described in detail, and full infor- 
mation, with illustrations, is included of Duckham’s, 
Haviland & Farmer’s and Mitchell’s pneumatic 
elevators. There are some fine examples of such 
equipments, complete with granaries, in this country, 
and the list on pages 703 and 704 is a useful guide 
to the locality and type of granary. The author 
does not describe nor refer to the necessity for a 
small compact power-driven equipment for un- 
loading grain and similar materials from barges ; 
there are a number of small docks and depots in 
this country where such an appliance would be 
serviceable. In these cases the primitive jenny 
wheel, sack, sack barrow and line of men are to be 
found, 

Chapter xliii of the book deals with a most 
important adjunct of the above-named plants— 
automatic weighing machines, but although the 





too meagre. The mechanical transport of materials 
can be “much handicapped unless the weighing 
apparatus is properly installed, maintained and 
periodically checked. These points must have 
careful attention if the machines are to function 
properly. 

The publishers are to be congratulated upon the 
excellent manner in which the book is printed, 
the illustrations and plates are clear and the index 
is comprehensive. The names of German makers 
of this type of plant, however, might advantageously 
have been left out of the list in the trade directory. 
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Avtromatic Hacx-Saw Grinper.—In our issue of 
November 10 last we illustrated and described an auto- 
matic hack-saw grinder constructed by the Wardwell 
Manufacturing Company, of Cleveland, Ohio. We have 
since learned that this machine can be obtained in this 
7 from Messrs. Honeywill Brothers, of 79, Mark- 
lane, E.C. 


AsBEstTos ABRASIVES, StticaA AND Sanp Lime Bricks 
IN THE UniTED Starrs, 1915.—The asbestos produced 
in the United States in 1915 amounted only to 
1,731 short tons, valued at 76,952 dols.; but the 
increase over the previous year in bulk was 39 per 
eent., and the increase in value over 300 per cent., 
the latter part being due chiefly to the mining in 
Arizona of chrisotile, an asbestos of the cross-fibre type 
which can be spun. So far ashestos had been exported 
from Canada to the United States free of duty. 
In March, 1916, however, Canada put an embargo on 
shipment of asbestos to ports other than British and 
Allied; the embargo has since been modified, but 
American miners have been looking round, especially also 
in Vermont, the asbestos of which occurs in the same 
rocks as in Canada, Somewhat similar relations hold for 
abrasives. We take our information from articles com- 
piled by J. 8. Diller, F. J. Katz and J. Middleton in 
**Mineral Resources of the United States, Calendar 
Year 1915.’” The production of abrasives increased by 
33 per cent., the imports decreased by 26 per cent. The 
term abrasives comprises millstones, grindstones, oil- 
stones, &c., emery and corundum, diatomaceous earth, 
kieselguhr, tripoli, pumice, and also diamond dust and 
bort. In value the emery and corundum exceed all the 
other products by far, and the low imports are primarily 
ascribed to the unsettled conditions in Turkey and 
Greece and to the war in general. Westchester County, 
New York, supplies most of the emery. Tripoli is the 
orous, almost purely siliceous rock resulting from the 
eaching of highly siliceous limestones or of highl 
calcareous cherts. By silica the statistics of the United 
States Geological Survey understand quartz, sand, 
flints and some of the abrasives just mentioned, all these 
materials being used in pottery and glass-making, as flux, 


and as fillers in acid towers, paints, soaps, &c. Sand- 
lime bricks are coming more into favour; nearly 
180,000,000 of these bricks were made in 1915 and 


valued at 1,135,104 dols.; the State of Michigan leads 
in this industry. 

THe OrpNance Survey:—Colonel Close, Director- 
General of the Ordnance Survey, reports that in the 
levelling of the past year it was noticed that the levelling 
towards a mark tended, as a rule, to give too low a value 
to the height of that mark. Thus when a line is levelled 
in both directions between A and B, the levelling from 
A to B tends to lower the height of B or raise the height 
of A and the levelling from B to A tends to lower the 
height of A or raise the height of B. The tidal observa- 
tory at Dunbar has now been in operation for three years, 
and that at Newlyn for one year, The mean height at 
Dunbar for the year ended April, 1916, was about 0.01 ft. 
less than the mean for the preceding year. The monthly 
mean for the year was 0.939 ft. at Dunbar, and 0.981 ft. 
at Newlyn. The magnetic survey was continued up to 
the end of August, 1915. The observers were then with- 
-drawn, leaving seven stations in the western islands of 
Scotland still to be visited and observed from at a more 
convenient time. In all, the transfer of the triangula- 
tions of nine counties has been completed, and the work 
of transferring the triangulations of Huntingdonshire 
and Suffolk isnowinhand. In 1837-38 a line of accurate 
levelling was executed by Mr. Bunt in order to compare 
the mean sea level of the Bristo!] Channel with that of 
the English Channel, and also to enable subsequent 
levelling to determine whether there had been any vertica) 
movements of the land surface. The work was under- 
taken for the British Association under the direction of 
Dr. Whewell, who reported that at several meetings 
of the Association it had been suggested that the exact 
determination of the relative level of three points 
considerably distant from each other on the coast of 
the island might throw light upon several important 
questions, particularly as to how far the position of the 
earth’s surface is permanent. After the lapse of 78 years 
the line was carefully re-levelled in 1915-16, The survey 
shows that for a length of 58.87 miles between Perry 
Farm and Axmouth the difference was 1.12in. Between 
intermediate points the differences were slightly greater. 
The general result of the comparison is that there is no 
indication that there has been any change in the relative 
levels of the coastlines of the Bristol Channel and English 
Channel during the last 78 years. 
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THE LATE MR. ARCHIBALD COLVILLE. 

E1cut weeks ago we recorded the death of Mr. David 
Colville, the managi director of the well-known 
Dalzell Steel Works, Motherwell, and to-day it is our 
regretful duty to place on record the death of his elder 
brother, the chairman of the company—David Colville 
and Sons, Limited—and the last surviving son of the 
founder. The death of Mr. Archibald Colville, follow- 
ing so soon after that of his brother, intensifies the loss, 
not only to the firm, but to the steel industry of Scot- 
land, in which both of them took such a prominent 
and useful part. Mr. Archibald, like his brother, had 
played a strenuous part since the outbreak of the war 
in the work of providing steel in all forms for the supply 
of the fighting forces, and in both cases the strain was 
in large measure the cause of death. Mr. Archibald 
Colville contracted a cold a fortnight ago, which 
developed into pneumonia, and he died at his Mother- 
well residence, “‘ The Moorings,’ on the 11th instant, 
in his 64th year. 

The subject of our memoir entered, at the age of 
17 years, the offices of Messrs. James Finlay and Co,, 
one of the best-known firms of East India merchants 
in Glasgow, but in the following year (1871), when the 
Dalzell Iron Works were formed by his father, he 
entered the business, and from that date was an import- 
ant factor in the success of the undertaking, devoting 
himself largely to the commercial side of the business. 
It was mainly at his instigation that the firm took 
over the Glengarnock and Clydebridge Iron Works, 
in order further to increase the output of munitions. 
While leaving the technical pedis of the business 
to his two brothers, he, by his shrewd commercial 
ability, enterprise and integrity, did much not only 
towards the development of the business, but the 
improvement of steel. He was looked upon by his 
confréres in the steel industry as a man of great 
organising ability, and was chairman of the Scottish 
Steel Makers’ Association as well as a member of the 
Board of Trade Iron and Steel Industries Committee. 
For 11 years he was a representative of the harbour 
ratepayers on the Clyde Navigation Trust, and a 
deserved compliment was paid to his discrimination 
and experience by his election as convener of the 
Committee on New Works and the Maintenance of the 
River and Harbour. He was elected a member of the 
Tron and Steel Institute in 1895. He played the part of 
a captain of industry in the town of Motherwell, where 
the works are situated, bringing to bear upon it sterling 
qualities. Thus he was chairman of the Licensing 
Appeal Court and a Justice of the Peace, and took a 
practical and philanthropic interest in the Church and 
other affairs. His death, therefore, is much regretted, 
and his widow, two sons and five daughters have the 
sympathy of a great many professional and private 
friends. His eldest son, Captain David Colville, is a 
captain of a Scottish yeomanry regiment; he took 
part in the campaigns in Gallipoli and Egypt and was 
mentioned in despatches, but the Government 
authorities some time ago came to the conclusion, very 
properly, that he could better serve his country by 
returning to the Dalzell Works in order to maintain, 
and if possible to augment, the output of steel. 





Tue Supe Ruie.—-We have received a copy of a little 
ya on the slide rule which has been prepared b 
Mr. A. L. Higgins, A.M.Inst.C.E., and, until he left for 
active service, demonstrator in engineering at the 
Queen’s University, Belfast. The pamphlet describes 
in detail the usual Gravét type of rule and the methods of 
using it, The publishers are Messrs. Whittaker and Co., 
London, and the price of the booklet, which will un- 
questionably be found useful by many students, is 4d. 


Coxe Furr ror Exvecrric Power Srations.—The 
Highways Committee of the London County Council 
have placed an order for eight coke-burning mechanical 
stokers for use under the steam boilers at the Greenwich 
generating station. It is calculated that the first sets 
of stokers now contemplated will, if worked to their full 
capacity, consume 100 tons of coke per 24 hours; and 
having regard to the relatively high cost of coal, as well 
as the relatively greater degree of efficiency attainable 
in burning coke, every effort will, no doubt, be made to 
use the new stokers to their fullest capacity. 





Pears’ Surtime Croropespra.+A copy of the 20th 
edition of this very useful werk has reached us. It 
contains over 1,000 pages of small type, all of which are 
packed with information. The book is divided into 
20 sections, including a dictionary of the English 
language, a dictionary of general information, a dictionary 
of prominent people, and a classical dictionary ; a com- 
pendium of everyday information, a gazetteer, an atlas, 
a chronological history of events ; sections on gardening, 
ws cookery, health, sports, toilette, nursery, 

usiness, photogrephy, motoring, domestic pets, and a 
ready reckoner. It is quite clear that the book could 
not have been produced for ,the price of ls., which is 
charged for it. It is quite possible to spend many times 


this sum over books of reference without getting an equal 


TESTS ON A DIESEL ENGINE. 
To tHe Eprror or ENGINEERING..« 
Srr,—In your issue of the 8th inst., page 566, you 
print a letter from Professor Burstall in which he 
mentions that the engine on which the tests referred to 
were made was tuned up by the Diesel Company ; 
meaning, I take it, the late Diesel Engine Company, 
Limited, of London. As I was a member of the staff 
of this company for a number of years I shall be glad to 
be allowed to make a few comments. Before doing 
so, however, I should like to express my appreciation of 


I consider a valuable contribution to the science of the 
subject in spite of the fact that the engine under test was 
not tuned up to the best of its capabilities apparently. 
In the first place I should like to state that no engineer 
of the Diesel Engine Company would consider an engine 
properly tuned up if a mean indicated pressure of 86 Ib. 
could not be exceeded without smoke. In the majority 
of cases engines based on a mean indicated pressure of 
100 lb. per square inch would give an overload of 20 per 
cent. without smoke. In any case it is to be presumed 
that the engine received adjustments to the fuel valve 
in the period elapsing between its installation by the 
Diesel Engine Company and the date of the tests. 
In the second place, I should like to refer to a paper 
read by Professor Dalby before the Institution of Naval 
Architects on April 2, 1914, and reported in your issue 
of April 10 of that year. In this paper Professor Dalby 
records tests on an engine of the same cylinder dimensions 
as the engine under discussion, namely, 165 mm. by 
270 mm., also made by the Augsburg firm, and, I believe, 
similar in every essential particular to the engine at 
Birmingham. Professor Dalby obtained a mean indicated 
pressure of 118 Ib. per square inch. 
I will not labour the matter further, as the two tests 
can easily be compared by anyone interested in the 
matter, and my only object is to support Mr. Mickelsen 
in dispelling misconceptions about a prime mover, the 
development of which in this country has already 
suffered too heavily from ignorance and prejudice. 
Yours faithfully, 
H. F. P. Purpay, 
147, Abbey-road, Barrow-in-Furness, 
December 9, 1916. 





“SPARK IGNITION.” 


To tHE Epriror or ENGINEERING. 
Str,—Replying to the query raised in Mr. Edmunds’ 
letter in your issue of the Ist inst. I would suggest that 
because the majority of car manufacturers mentioned 
fit battery ignition, this is no proof of its efficiency, but 
rather that it is less expensive on account of the necessary 
accumulator being already installed for starting and 
lighting purposes. 

Where the gilded god ‘‘ Production” is concerned, 
efficiency is quite a minor matter, for evidence of which 
the same manufacturers fit external contracting band 
brakes, inaccessible valves and other monstrosities. 

Your correspondent having quoted the Autocar, I 
would refer him to the account of an instructive race 
meeting, in the issue of October 7, in which the winning 
car was practically rebuilt, many of the “‘ Production ”’ 
manufactured parts being replaced by those of known 
efficiency, with the result that little of the original car 
was left after the alterations and replacements, among 
which the standard ignition was replaced by a magneto. 
Yours faithfully, 

Wa. L. GuULLETTE. 





Acton, W. 





To tHe Eprror or ENGINEERING. 

Sir, —I am afraid Mr. P. G. Tismer has not read 
carefully my article on “Spark Ignition.” If he will 
re-read it he will find that it contains the reply to the 
main points in his letter. Such facts mentioned by him 
as are relevant to the subject are known to me, and are 
covered by the conclusions given in my article. 

Regarding the word “‘ incendivity,”’ it is to be expected 
that it should excite adverse as well as favourable 
comment. I cannot understand the reason given by 
Mr. Tismer for regarding it as objectionable. He rightly 
says that “‘a spark of a given incendivity will ignite 
a good mixture but not a poor one,” and then remarks 
that “it is not good practice to express in a single term 
two variable factors.” If the latter quotation has any 
meaning it shows an entire misapprehension of the 
significance which I attach to the term. Incendivity 
refers to only one variable, and that in the spark. 

It must be evident to anyone who seriously tries to 
think out the problem of spark ignition that the term 
incendivity or some other having the same meaning is 
necessary for conveniently describing the ability of a 
spark to produce ignition. At present the term incen- 
divity does nothing more, and its sole function is to avoid 
repetition of a string of words. “‘ Heat content” is 
sometimes used, but this is objectionable, for the reasons 
that ignition does not depend wholly, if at all, on heat 
content, and it implies that ignition is due to the heat of 
the spark, whereas it may meg | be proved that heat 
has nothing to do with ignition. The terms “strength” 
and “‘intensity”’ are also objectionable, because they 
suggest nothing, and are equally applicable to other 
properties of a spark which do not affect ignition, With- 
out reference to any theory of ignition the fundamental 
fact is that a spark possesses a property by which it can 
ignite a combustible gas, and as there is no other useful 
word which expresses this property the term incendivity 
meets the case. Further, it the advantage that it 
suggests its own — without implying a false 
assumption, and is adaptable to a quantitative definition 
when such can be given. 





amount of information. 


the research conducted by Lieutenant Wilkins, which | ; 
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and temperature are synonymous terms, I need only 
refer him to any elementary school book on physics. 
The statement: ‘A perfect gas almost any sort of a 
spark will ignite—a well-known fact,” is illogical and 
untrue. Presumably what is meant by a perfect gas is a 
mixture of given constituents which is most readily 
exploded. As is known to those who have scientifically 
investigated this matter, such a mixture requires a spark 
of definite incendivity for its ignition. Whe “repair 
men,” to whom I can imagine Mr. Tismer would more 
readily refer his scientific problems for elucidation, 
were quite right in their statements that they had 
maabeed ed in getting ignition with 12-volt coils where 
6-volt coils had failed. I give the scientific reason 
for this in my article. They might also have succeeded 
with another 6-volt or even a 4-volt coil if they had tried 
a sufficient variety of makes or had known sufficient of 
the ignition problem to be able to design proper coils 
themselves. 

If Mr. Tismer and other practical men will look at 
their ignition problem from the point of view I have 
tried to explain they will find that their varied and 
otherwise irreconcilable experiences become quite 
coherent and intelligible. 





Yours faithfully, 
J. D. Morean. 
13, Temple-street, Birmingham, December 11, 1916. 





“CLEATOR AND CLEATOR MOOR.” 
To THE Epiror or ENGINEERING. 

Str,—I esteem very highly your most generous notice 
of my book, “Cleator and Cleator Moor,” and I hope 
your able reviewer will not regard my act as wanting in 
gratitude if I beg leave to point out one little slip. 
In the review, col. 1. lines 5 and 4 from the bottom, 
there is the phrase: ‘deposition in fissures by some 
process of igneous injection.”” This should read, ‘‘ deposi- 
tion in fissures through filtration or evaporation ”’ (vide 
p. 201 in the book under review). 
I made this reservation re filtration because I have 
repeatedly found, both in quarries and in mines, large 
fissures filled with stiff clay, of a blood-red colour, highly 
charged with hematite. There can be no doubt that the 
hematite had been carried in by the action of water. 

Cleator, December 9. CasarR CAINE. 


[The Rev. Cesar Caine has not expressed his views very 
clearly. With his explanatory note before me, I am 
unable to decide whether he regards the action of water 
as sufficient to explain the occurrence of hematite in the 
district, or simply as an agent in effecting local distribu- 
tion. As affecting the work, the point is immaterial, for 
the object of the author was not to write a treatise on 
economic geology, but a chapter in the history of social 
development.—The REVIEWER. ] 





RELATIVIST. 
To tHE Eprror oF ENGINEERING. 

S1r,—I have never said, nor do my words imply, 
“that there is no truth in either the electron, the 
quantum, or the relativity theories’’ ; but I was careful 
to state :—‘‘It is because of our serious study of what 
Relativists try to say that we question the soundness 
of their claims’’; and, with all duc respect, I submit 
that there is nothing in the long quotations from Maxwell 
and Thomson to substantiate those claims. 

When expressing to us his own honest thoughts, Mr. 
Edwards finds himself in agreement with the views I 
have ventured to hold; and perhaps he will kindly 
favour me with a reply to the query, ‘“‘How can an 
amount of energy or momentum enter at W or anywhere 
else ?’’ Let us stick to this one simple point till it has 
been disposed of, and thus learn to be precise in our 
statements in order to hegin to think clearly. 


December 10, 1916. SEsamy. 





SCREWING SOLID-DRAWN STEEL TUBES. 
To tHe Epiror or ENGINEERING. 

Sir,—In using solid-drawn steel tubes for high-pressure 
pneumatic work (300 to 400 lb. per square inch) I have 
met with the following difficulty. 

As you are aware, this tubing is not turned out to the 
correct outside diameter for screwing. I have, therefore, 
been using tubing of } in. outside diameter for use with 
}-in. fittings, i.e., 0.875 in. instead of 0.844 in., or 0.031 in. 
in excess of the standard. The result of trying to screw 
this tube in one cut with the ordinary American adjust- 
able stocks and dies is to tear the threads off in a horrible 
manner, no matter how much lubricant may be used. 
A fairly, only fairly, decent thread may be secured by 
taking from three to five cuts and carefully filing down the 
tube before each one after the first. Even then the 
utmost care must be taken as, since the metal appears 
to become more brittle after each cut, if a very slight 
hump is left in any place by the file the thread is com- 
pletely ruined on the next cut. This method, as you can 
understand, is exceedingly tedious, expensive and 
exasperating, and I am writing to you in the hope that 
some of your readers may be able to suggest an alterna- 
tive. I wonder if it is usual for solid-drawn steel tube 
to behave in this way? The dies I use cut ordinary 
wrought-iron tube perfectly. ; 

I should say that the tubes have to be screwed in 
fairly long lengths, so as to avoid a multiplicity of 
joints, in out of-the-way country districts. These and 
other considerations preclude the use of a lathe to reduce 
the diameter suitably, and I cannot hear of a hand tool 
which could be used to trim the ends of the tubes to the 
correct size for screwing in one cut. 





Regarding the statement by Mr. Tismer that heat 





Yours faithfully, 
Dublin, December 9. 1916. T. W. K 


Dec. 15, 1916. ] 
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WAGON FOR CARRYING WHALES 


CONSTRUCTED BY THE LEEDS FORGE COMPANY, LIMITED, 








ON THE SOUTH 


AFRICAN RAILWAYS. 


LEEDS. 








In a preceding issue (see vol. xcix, page 526) we 
gave an illustrated description of several types of high- 
capacity wagons constructed for the South African 
Railways by the Leeds Forge Company, Limited, Leeds, 
there being among the number a wagon having a 
capacity of 160,000 lb. for the transport of whales. 
We illustrate on the present page one of these 
latter wagons, to which a whale is lashed by chains. 
As stated in our former article, the wagon is intended 
to carry whales over a 3 ft. 6 in. line a few miles in 
length, from the point where they are brought ashore 
to the factory where they are dealt with for the extrac- | 
tion of oil, &c. The line is very uneven, and the wagon 





has six-wheeled bogies, so as to keep the axle-loads 
down to the required limits and to insure the necessary | 
flexibility. The tare weight of the wagon is 74,700 Ib. | 
The wagon is 65 ft. long over headstocks and the 
bogie centres are 53 ft. apart. 








“} REPORT OF THE HARDNESS TESTS 


' RESEARCH COMMITTEE.* 
(Concluded from page 558.) 
GENERAL RESULTS OF THE TESTS. 
(1) Ratio of Brinell Hardness Number to Scleroscope 
Number. 


The results of these determinations have been plotted | 
in Fig. 7, and are in approximate agreement with the | 
general assumption that the Brinell hardness number 
divided by 6 is approximately equal to the scleroscope 





Fig.7. COMPARISON OF BRINELL 
HARONESS No. AND SCLEROSCOPE No. | 
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number. According to the evidence of the present tests, 
the ratio of the Brinell hardness mumber appears to 
increase gradually from 5.5 for very soft material to 
about 8 for materials of over 700 on the Brinell scale. 
The number of tests on very hard material is, however, 
hardly sufficient for any definite conclusion to be drawn 
as to the magnitude of the change in the ratio with 
increasing hardness, and it is hoped to investigate the | 
relation further in the future. 


(2) The Preservation of the Nature of the Surface during 
the Progress of the Test. 
From the comparison of the figures in columns 3 and 4 


-* Paper read before the Institution of Mechanical | 
Engineers, November 17, 1916. 


(Table II), page 598, in which are the scleroscope numbers | 
of the surfaces before and after test, it is seen that the | 
characteristic which distinguishes the sliding abrasion 
test from the rolling abrasion test is that the former 
does not cause any perceptible hardening of the surface 
under wear as the test proceeds, that is, the test is not 
made on deformed material, but on material in the state in 
which it existed before the test. Slight exceptions to 
this will be noted in the case of the five manganese steels, 
in which the scleroscope number for the worn surfaces 
is on the average 7.5 per cent. greater than on the unworn 
surfaces. This effect, however, is not surprising con- 





Fig.8. COMPARISON OF BRINELL HARDNESS 
No. AND RESISTANCE TO SLIDING ABRASION 
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sidering the marked susceptibility of these steels to 
hardening under pressure which has been noted in the 


| rolling abrasion tests, in which the hardness numbers 


were practically doubled by the action of the rolling | 
and also considering the high value of the load, which 
was adopted due to the considerations stated above. 

An interesting confirmation of Sir Robert Hadfield’s | 
explanation of the high wearing properties of the 
manganese steels under rolling abrasion, as being due | 
entirely to the hardening of the deformed surface, is 


| seen from the results of Table II, since in the present tests 


the resistance to sliding abrasion of the 


| 3, ductile iron a hardness 4.5, a file a hardness 6.5. 


tion of the rate of wear with time. As will be seen from 
the results given in Table III,, page 598, no action of this 
kind can be detected. 


(3) The Relation between the Resistance to Sliding Abrasion 
and the Brinell Hardness Number. 


The ratio of the numbers expressing these char- 
acteristics are given in column 8 of Table II, and the 
results are plotted in Fig. 8. 

In order to express in a concise form the extreme 
variations in resistance to wear corresponding to any 
given Brinell hardness number, which have been found 
in the miscellaneous selection of materials tested for 
the present investigation, the figures given in Table IV 
have been abstracted from Table Il. These give the 
maximum and minimum values of the resistance to 
sliding abrasion for materials whose Brinell hardness 
number is approximately the same. 

Closer examination will show that it is the specia} 
steels which are responsible for the enormous variation 
in resistance to sliding abrasion which is given in 
Table IV, and that in the case of ordinary carbon steels 
the fluctuation is much less. As regards the latter 
steels, it may be said that high Brinell hardness number 
will generally indicate a high resistance to sliding 


| abrasion, but there are exceptions to this rule, 


As regards the general results of the investigation, it 
is clear that the Brinell hardness numbers of a mis- 
cellaneous selection of steel are not a safe guide in 
predicting their relative resistances to wear. This 


| result is in general agreement with those obtained by 
| Robin, Nusbaumer and Saniter, with other methods 


which have been referred to in the president’s memoran- 
dum (Appendix I). 


APPENDIX I. 
MEMORANDUM ON Tests OF HARDNESS AND RESISTANCE 
To Wear. 
By W. Cawrnoryve Unwin, LL.D., F.R.S. 
Hardness is a property of materials very important 
in many cases, but as to which there is not an 
definition, nor is any one method of measurement 
generally adopted. Most commonly, by hardness is 
meant the resistance a material opposes to penetration 
by another body. 
The earliest scale of hardness is that proposed by the 


| mineralogist Moh. He selected 10 natural substances, 


arran so that each would scratch the substance 
next below it in order, and be scratched by that next 
above it. On this scale tale had a hardness 1, and 


diamond a hardness 10. A copper coin had a eaemaaes 
t 
is a defect of the Moh scale that materials selected by 
him vary somewhat in hardness in different specimens. 
Professor T'. Turner’s Scratch Test.*—A balanced lever 
capable of moving vertically on a knife-edge and of being 
rotated is graduated and provided with a sliding weight. 
The free end carries a diamond point which can be 
moved over the surface of the material to be, tested. 
The uations are such that a movement of the sliding 
weight over one scale division corresponds to 10, 20, 30, 
or 40 grammes at the diamond point, according to the 
sliding weight used. The surface of the imen is 
msotned and polished with flour emery and oil. The 
weight in grammes at the diamond point which produces 
a decided scratch is taken as the hardness number. 





steels is fairly low. 

In order to obtain a further demonstration of the | 
property of this test, a special set of observations were | 
made on @ sample of mild steel (No. 720/2) and a sample | 
of manganese steel (No. 1010/2) by measuring the wear | 
of the (same) surface after successive equal intervals of | 
time. If there were any gradual hardening effect ad 
the surface, this would reveal itself in the gradual reduc- 


| There is some skill in determining this. Turner suggests 


making several scratches with diminishing weights, and 
taking for the hardness number the mean between the 
smallest weight which produces a quite definite and 
visible scratch, and the greatest weight which does not 





* Proceedings, Birmingham Philosophical Society, 
vol. v, part 2, 1886. 
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TABLE I. 
i ae 2 “a ie, b 6 7 8 
| ’ a 
sf | Brinell Test. | Scleroscope Test. | Sliding Abrasion Test. | . 
Analysis. } Se | Ratio. 
: Marks. Condition of Material. | Ratio. No fie. 
es | Thickness Brinell ist ni 
removed | Resistance Number | sistance 
Unworn| Worn | Unworn| Worn || jijs per | to sliding | Scl. No to slid- 
4 : oa | ing abra- 
surface. | surface. | surface. | surface. | 1,000 ft. | abrasion. = 
( Si. Mn. 8. P. Cr. Ni. slip, | | . 
1 6 Hardened in oil at 850 | 0.70 - — — _ 2.0 2.5 420 420 | 67 68 0.7 140 6.3 3.0 
deg. C.; tempered in | 
gas muffle at 600 deg. C. 5 Tee ‘ mera Reta. NER oe BCP Neen Ort noma | an 
oe = aoe het EP aie Yin eS a at a sie ae ae Re YS a ; ”» 2 45 6.3 6 » 
2 1010/2 Manganese stecl asforged | 1.36 0.36 13.10 | 277 284 44 46 2. | .2 
3 1010/1 Do quenched at 950 deg. 1.3 0.36 13.10 - “= saa - 219 230 34 39 2.1 48 6.4 4.6 
C. in water | ‘ ‘ ‘ . 
4 | 1968A | Do. water-toughened 1.98 | om | o@2 1 — | @- — 203 oi 30 g1 | 2.0 50 6.8 41 
5 1010 Do. do. ool 2.88 0.14 12.29 — iS; - - 206 —- 30 32 .. a cs £2 
6 2055 °| Do. do. ..| 1.48 | 0.25 | 15.23 — | -—- j= - 228 a 34 37 ¢ is | 87 |. 4 
> ho a —~ | et tae et eae a” ae ew ae ee Pr aa 
7 A Carbon steel as rolled 0.52 0.10 | 1.26 0.05 | 0.09 _— 234 237 41 41 1.3 77 5.7 3.0 
8 8 Do. do. -.| 0.60 0.19 0.94 0.07 | 0.07 —_ - 228 228 36 35 3.9 26 6.3 8.8 
9 ll Do. do. . 0.60 0.15 0.93 0.04 | 0.10 - 252 248 40 39 0.9 110 6.3 2.3 
10 3123C Do. do. 0.75 0.20 0.84 0.04 | 0.05 = - 273 282 50 50 0.8 125 5.5 2.2 
il 2217 Do. oil-toughened 1.62 0.15 0.29 0.02 0.02 —_ - 346 349 62 61 0.5 200 5.6 | 1.7 
4 6 q ” 
12 1772A Do. do. 0.43 0.14 1.44 0.06 0.06 —_ _ 216 - 37 37 2.9 35 5.8 6.2 
13 6B Do. do. 0.44 0.48 1.01 0.06 | 0.06 _ _ 222 —_— 37 38 3.2 31 6.0 7.2 
14 2250/0958 | Do. as rolled 0.65 0.13 0.60 0.02 | 0.03 _ _ 235 — 41 42 1.1 91 5.7 2.6 
7 r ‘ 5.5 
15 2250/955 | Do. toughened 0.65 0.13 0.60 0.02 | 0.03 — _ 337 _ 61 61 0.3 330 5.5 | 1.0 
} a : 2 9.03 58 58 0.2 500 5.7 | 0.7 
16 2250/956 Do. do. 0.65 0.13 | 0.60 0.02 as - - os | os se ot is = art oe 
17 720/1 Do. mild steel ‘ oot OS 0.02 0.46 0.05 | -06 | — 116 11 21 24 we : ry =e 
18 704/1 Do. mild steel mechani- 0.04 0.05 0.41 0.04 0.07 | - 149 144 ; 37 37 5 8 J 8. 
cally hardened to 35 | 
tons per square inch < a P P | 
19 A1629 Rail steel, as rolled 0.45 | 0.11 0. 7 0.05 0.05 190 _- | 34 36 2.65 38 5.6 5.0 
20 B1631 Do. do. 0.52 0.15 0.75 0.01 0.03 - 206 -- | 37 38 1.27 a + oS | 36 ¥ 
21 1908D Self-hardening steel, air- 0.60 | —_ _ - 3.5 Ww 627 | - 103 103 * i 500 6.1 4.3 
hardened | | 16.2 | ¥ KS” Se 
PLIST RVR SERS BEES HEE | Ni. | > ; 
22 1109D Special stecl, water-tough-, 0.60 | 0.62 | 5.0 0.05 | 0.06 - 15.0 | 175 - 26 29 Ss a 63 6.7 8 
23 31387D re 0.66 0.15 0.23 | 0.02 0.03 2.5 2.8 364 60 = bys F . wl 6. 1 ha ; ‘ 
- 4 > i 4 bet: - 4 5. 2 A 
23 | ‘ger | De oer | oro | ore | anos | oe |r | 3 | oa | 7 | at f° Os | 200 OE Nas 2 
26 3109 | Do. * 0.33 | 0.07 | 1.21 0.05 | 0.06 | 1.95 oe 41 41 ce 2 67 5.5 3.4 
27 1795G Do. 0.20 0.04 | 0.38 0.05 0.05 2 4 | 366 - 61 63 2.0 & 4.6 | 50 to 22 6.0 7.3 to 16.6 
28 | 3121 | Do. 0.31 | 0.05 | 1:18 | 0:05 | 0.08 | 1 .) ea 55 56 42 | 2 6.0 | 13.8 
29 3102 Do. 0.18 | 0.03 0.48 | 0.03 0.03 | 0.5 2.5 | 165 - 28 29 2.8 36 H 5.9 | 4.6 
30 | 68 | Gaugestecl, hardencd .. 1.02 | 0.31 | 0.45 08 0% 43 | 0.03 \720-740°| 107 | 106 0.35 200 6.8 2.5 
31 4789 Do. do. 0.86 0.18 1.34 0.02 0.03 0.05 es [676-06") 100 101 0.1 1,000 6.8 0.7 
32 B.D. | Do. do. 0.97 | 9.12 | 0.26 | 0.01 | 0.02 | 0 1e{ (Wi -ae 725~750*| 108 112 0.4 250 6.8 3.0 
33 Cc, Do. case hardened 0.28 0.05 0.91 | 0.08 0.06 0.04 ni ; — f| - 110 111 0.2 500 -- _ 
34 F. | Do. unhardened .. 0.72 | 0.12 | 0.22 | 0.01 | 0.07 | 4.16f v -033l \ 298 ee | 37 40 | 14.7 7 6.2 $2.6 
| -e J 
85 719 | Admiralty bronze. | | | | 7 | 92 | 17 26 ia] 20 4.4 8.8 
6 708 _| Phosphor bronze 131 137 26 29 1.0 100 5.0 ‘3 
* Values approximate owing to flattening of ball. 
Tare III. Taste IV. A = r Dh = 1.571 D (D — 4/D2 — d2) square 
Ww millimetre. 
Wear in Resistance High Resistance to Low Resistance to 1" . 
Material. No. of : ‘ . “ving hen Brinell takes the hardness number to be H = P/A. 
7 Revolutions, 1,000 tte clip. —s Sliding Abrasion Sliding Abrasion To determine H, the load P and the corresponding 
Brinell No value of either h or d must be observed. It is simpler 
‘ Test No, |Resistanceto Resistanceto | to measure h, but it has been found generally more 
0-10,000 5.5 18 est No. “Abrasion. | Test No. |" Abrasion. convenient to measure d with a micrometer microscope. 
Mild Steel, 10,000-20,000 5.8 17 More recently a glass slide with two inclined engraved 
we, Re yen trny end hy 17 | lines has been used. For strictly comparable results 
AEe-SE 08 3 is sine = He = ° ad = fixed values must be taken for D and P. For steel it is 
: ) : P = 3, : D = ae 
238-248 26 (226) 87 34 (228) 7 usual to take P = 3,000 kg. and I 10 mm or 
; 0-10,000 20 50 298-235 14 (235) 91 8 (228) 26 softer materials Brinell suggests that P should be taken 
Menganess Steel, | 10,000-20,000 2.0 50 255-271 25 (271) 200 24 (255) 4to 10 500 kg., and gives a table of the corresponding values 
0. 1010/2. | 20,000-30,000 2.0 50 330-332 16 (330) 500 28 (332) 24 of d with 3,000 and 500 kg. a 
.  88,000-40,000 2.2 46 306-364 11 (346) 200 23 (364) 36 Grard, in a paper before the International Association 


poasene a visible scratch, Turner found the following 
vardness numbers:—Lead, 1; annealed copper, 8 ; 
softest iron, 15; mild steel, 21; tyre steel, 20-24; 
hard cast serap iron, 36 ; hardest cast iron, 72. 

To make the test more definite, Martens defined the 
hardness number as the weight in grammes which would 
produce a scratch 0.01 mm. in width. Several scratches 
are made and the loads and widths plotted. With a 
diamond point a to an angle of 90 deg. Martens 
obtained the fo lowing hardness numbers wa Fw 17; 
copper, 34-40 ; soft steel, 71-77; hard steel, 138-141. 


INDENTATION METHODs. 


Various investigators have used an indentation test 
for determining hardness, and such a test is specially 
suitable for ductile metals. The indenting tool has 
been a knife-edge, cone, or pyramidal point. The 
weight causing a ~_— depth of indentation, or the 
reciprocal of the depth of indentation with a given 
weight, have been taken as the measure of hardness. 

Foeppl placed two cylinders of the material to be 
rested at right angles and pressed them together in a 
testing machine. The pressure per unit of flattened 
surface is taken as the measure of hardness. The 
method is good, but the preparation of specimens is 
rather costly. 

The author* used as an indenting tool a square bar of 
hardened tool steel (Fig. 9) with edges accurately ground. 
The material tested was formed into a bar 2 x 4 X }in. 
The tool was pressed into the specimen in a testing 
machine, and the load P in tons and corresponding 








: ings, Institution of Civil Engineers, vol. 
oxxix, 1897. 

















depth of indentation i in inches were noted. Then 
C = P/i was taken as the hardness number. The 
hardness number varied from 195 to 256 for different 





steel rails having 0.329 to 0.415 per cent. of carbon. 
It was found that the ratio (tensile strength)/(hardness 
number) was nearly constant. For the series of (13) 
rail steels its mean value was 0.181 (ton and inch units). 

The Brinell Hardness Test.—In 1900 Mr. J. A. Brinell* 
described an indentation test for hardness, the indenting 
tool being a spherical ball. Some convenient forms of 
apparatus for applying this test have been devised 
by Martens and others, and it is now very generally 
used. Let P be the pressure in kilograms, D the diameter 
of the ball, d the diameter and A the depth of the 
indentation, all in millimetres. Then 


h = $(D — ./D2 — d2) millimetre, 


and the area of the spherical surface of the indentation 
is 





* Sur les epreuves a bille en acier. Communications 
devant le Congrts International des Methodes d’ Essai | 
des Materiaux, Tome II, page 81. Paris, 1901. | 

| Materialienkunde, IX, 318; X, 54; XI, 6. 





for Testing Materials, at New York, discussed some of 
the sources of error in the Brinell test. Ludwig suggested 
the substitution of a cone for the ball. 

Brinell noticed a close correspondence between the 
hardness number and the tensile strength 6f a material. 
For Fagersta steel the ratio of tensile strength to hardness 
number was very approximately 0.346 (kilogram and 
millimetre units). Dillner found the ratio for hardness 
numbers below 175 to be 0.354 and for those above 
0.324. Charpy in the same cases found the ratios 
0.351 and 0.336. 

The Shore scleroscope is a rebound instrument for 
testing hardness, patented by an American engineer. 
A full description of the apparatus and its applications 
is found in a pamphlet obtained from the Coats Machine 
Tool Company, Caxton House, London, 8.W. The 
essential part is a diamond-faced hammer or tup, 
weighing about 40 grains, which is allowed to drop 
on the material to be tested from a fixed height, and 
the height of rebound is observed against a graduated 
scale. Ingenious arrangements are provided for lifting 
and releasing the hammer by air pressure from a bulb. 
The indenting part of the hammer is convex, and it 
appears to be essential that a permanent indentation 
should be made in the material tested. The test, therefore, 
appears to be in fact an indentation test, the rebound 
being diminished by the amount of work expended in 
indentation. The area of the indenting point is stated 
to be sy5 Of @ square inch. A magnifier hammer 
with larger point is used for very soft materials. The 
surfaces tested are smoothed but not polished. The 
scale is graduated into 140 equal divisions and medium 
hard hardened steel gives = Iettiness number 100. It 
is stated that the Brinell hardness number divided by 
6 agrees approximately with the Shore scleroscope 


| number. 
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"It appears from the relation of the tensile strength | 


and indentation hardness that the latter is simply, at 
any rate for steels, a strength test. This must have 
been a surprise to those seeking a test for hardness, 
who no doubt regarded it as a separate iy oni d of 
materials, although of course the fact that hardness 
and strength both increase with the percentage of carbon 
was well known. The rebound test of balls for ball 
bearings appears to be a test of elasticity not of hard- 
ness, the pressure not being great enough to cause 
permanent deformation. 


RESISTANCE TO WEAR. 


In a large number of cases hardness in a material is 
desired on the assumption that the harder a material 
is the greater will be its resistance to abrasion and wear. 
But the point requires separate investigation. It will 
be found that hardness as determined by the methods 
described above and resistance to abrasion or wear are 
not in any exact relation. 

Various methods of testing resistance to wear or 
abrasion have been tried. Bottone used a soft iron 
dise rotating at a constant speed and pressed with a 
constant force against the material tested. The time 
required to produce a cut of a definite depth was taken 
as the measure of resistance (Chemical News, vol. xxvi, 
page 215, 1873). M. Felix Robin (Iron and Steel 
Institute, 1910) used cylindrical specimens, 50 mm. in 
diameter, rubbed under a definite pressure on papers 
covered with abrasive powders. M. Derihon devised 
a machine in which a lever presses the specimen on the 
circumference of a polished wheel turning at high speed 
in an oil bath. The speed of the wheel was 3,200 r.p.m. 
and each test was continued for 2,000,000 turns. The 
wear was measured in thousandths of a millimetre. 
Professor M. Gary (Mitt. aus dem K6n. Materialpru- 
fungsamt, Berlin, 1904, 103) has used the abrading 
power of a sandblast to determine resistance to wear, 
chiefly of natural stones, artificial minerals and timber. 


Mr. Sanitrer’s COMPARISON OF DIFFERENT TESTS 
or HARDNESS AND WEAR. 


Mr. E. H. Saniter, of Rotherham, in a paper read at 
the New York Congress of the International Association 
for Testing Materials, 1912, gave the results of a very 
interesting investigation of the results of determining 
hardness and wear of the same materials by different 
methods. He used two methods of determining hard- 
ness, the Brinell test and the Shore sclerometer test. 
For the steels examined both methods place the steels 
in the same order with one exception. But the ratio 
of the Brine!l number to the Shore number shows some 
variation. 

Mechanical wear, in Mr. Saniter’s view, implies the 
removal of a portion of the material in small particles 
by friction. This may occur (a) by pure abrasion ; 
(6) by lubricated sliding friction; (¢) by dry rolling 
friction. He points out that vibration enormously 
increases the amount of wear, and that it is necessary 
to check the effect of vibration of the testing machines 
by testing a standard material at frequent intervals. 

(a) Pure Abrasion.—M. Robin tested wear by using 
emery and other abrasive papers, and at the same time 
determined the Brinell hardness number. It appeared 
that there was no relation between the Brinell hardness 
number and the resistance to wear tested by M. Robin’s 
method. Yet that method seems a reasonable one for 
determining the resistance to abrasion. 

(6) Lubricated Sliding Friction has been investigated 
by E. Nusbaumer, using the apparatus of M. Derihon, 
which consists of a hard steel disc running in oil on the 
edge of which a specimen is pressed. The Brinell 
hardness number was also determined, but it has no 
relation to the resistance to wear found by the Derihon 
test. Yet it seems that the latter should give correct 
results as to wear by sliding friction. 

(c) Dry Rolling Friction was tested by a wear machine 
designed by Mr. Saniter. A revolving test piece drives 
by friction on its top side the inner ring of a loaded 
ball bearing. The results on 0.7 per cent. carbon steel 
subjected to various heat treatments show a general 
relation to the corresponding Brinell number. There 
are, however, two exceptions. In another series of 
tests of different carbon steels treated alike there is also 
a distinct relation, with one glaring exception. In a 
third series of tests on alloy steels the relation between 
the Brinell number and the Saniter test of wear entirely 
breaks down. 

But the reliability of this wear test is emphasised by 
the test on Hadfield’s manganese steel, which gives, 
with a low Brinell number, the best wear number of all 
the steels tested. The excellent wearing properties of 
manganese steel rails is well known. 

The importance to the committee of the results in 
Mr. Saniter’s interesting paper is this. It is probable 
that the firm who suggested to the Institution an 
investigation of a van. sabi test for case-hardened 
bearings and hard cast iron for cylinders really were 
seeking a test for resistance to wear and tear, and 
confused this with a test of hardness as generally under- 
stood. 


APPENDIX II. 
MEMORANDUM ON HARDNESS. 
By Sir Ropert A. HapFiecp, D.Sc., D.Met., 


1. When an inquiry is made as to what is meant by 
hardness, it is found this is a somewhat indefinite and 
vague term. When “hardness”’ is spoken of, no more 
definite statement is intended than if, for instance, 
the term “ strength” is being discussed. 

2. If anyone were asked to measure the strength of a 
certain specimen, he would immediately ask “ under 
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what conditions ? <4 “He would then be told that what | 


was required was, for instance, what pressure or tension 
it would stand without extending (or being compressed) 
more than 10 per cent. ; or what load before it fractured ? 

3. Hardness is no more definite than this. Hardness, 
in other words, is not a specific property of a material. 
To make it specific it must be hedged round with definite 
instructions as to the limit to which the material must 
be deformed. A definite figure cannot be assigned for 
any property of a material unless this property is 
specific one. 

4. The writer's conception of hardness is simply 
“resistance to deformation.’’ Now the resistance to 
deformation of any material depends on how much 
it is deformed—as a rule, the more it is deformed the 
greater is the load required (for some viscous materials, 
such as pitch, the deformation proceeds continuously 
under a constant small load). Further, the rate of 
increase of load with deformation varies in different 
materials. 

5. It is useless, therefore, to fix an arbitrary amount 
of deformation and measure the load, for of two materials 
A and B, A may require less load than B to deform it 
5 per cent., but B may require less load than A to deform 
it 50 per cent. Also, brittle materials will not deform 
at all. 

6. The efforts to establish an academic idea of hard- 
ness are, therefore, limited to the resistance offered 
by a material free to flow, up to the point when it is 
just permanently deformed, which in the case of brittle 
materials, of course, means fractured. In elastic 
material this academic definition of hardness is nothing 
more than the “ yield-point.’”” ‘To measure the hardness 
one has, therefore, only to measure the “ yield-point.”’ 

7. This definite and specific property seems to be the 
real ‘‘fundamental hardness,’ and indeed the whole 
hardness of brittle materials. 

8. According to this criterion manganese steel is of a 
soft nature. Its yield - point is low, a very small load 
producing permanent deformation. From this stand- 
point manganese steel, unless its character is altered 
by deformation, is really soft, yet in the ordinary 
acceptance of the term this material is considered very 
hard. Why is this? The explanation is that the 
ordinary term involves a loose conception of more or 
less (no definite amount) deformation, and the ‘“ hard- 
ness’ is that of the more or less deformed material. 
Manganese steel is an extremely hard-wearing material, 
in spite of its natural softness, because the act of 
abrasion deforms the material locally, its resistance to 
further deformation increasing enormously thereby, and 
the material actually abraded off is not manganese 
steel in its natural state, but is the quite different 
material, deformed manganese steel. Manganese steel is 
soft—deformed manganese steel is hard. In a pulled 
tensile bar over 500 ball number has been obtained, 
and yet the material is just as non-magnetic as before, 
showing this physical change has taken place without 
interfering with its peculiar non-magnetic qualities. 
Deformed manganese steel has its own specific properties, 
quite distinct from manganese steel in its natural state 
or manganese steel subjected to other heat treatment 
than water toughening. Somewhat similar remarks 
apply to bronzes and other materials. 

9. This is really the crux of the difficulty in trying 
to assign a value to the practical term loosely known 
as hardness. It is not sufficient, however, in all cases 
to measure the resistance of the material to deformation 
at the point of rupture. In the first place, it is not 
possible to deform any specimen of material so that at 
all points where fracture occurs the amount of deforma- 
tion is uniform. There seems no way of measuring the 
resistance to deformation (i.e., the true ‘* hardness ”’) 
of deformed materials except in an apn manner. 
In the second place, the action of deformation, in the 
practical use to which the material is applied, is to 
deform some parts more than others, in no regular 
and definite manner. 

In scratch tests a comparison is made between the 
breaking stress of two substances; as the pressure is 
being applied, stress is applied equally on the two 
materials, and they deform accordingly, until one of 
them reaches its limit of deformation, breaks off, and 
is then said to be ‘‘ scratched’ by the other. The other 
is “‘harder’’ by virtue of the fact that its breaking 
stress is greater, and the method places materials in a 
series of ascending ‘‘ hardness,” that is, ascending 
“breaking stress.” Some idea of the relative “‘ hard- 
ness’ of materials, for example, in Moh’s scale, might 
therefore be determined (only approximately as men- 
tioned above—due to unequal strain and difficulties 
due to cleavage) by tensile or shear tests, measuring 
the breaking stress per unit area of the fracture. 

Scratch tests, therefore, while probably enabling a 
definite comparison to be made of the true deformation 
hardness, do not give a numerical value. 

10. Now all this applies only to ductile materials. 
Brittle materials which do not deform clearly cannot 
have this complication of deformation hardness. In 
these cases, therefore, a practical measurement of hard- 
ness, which in reality is the stress at the yield - point, 
is possible. 

here is here, however, a still further complication. 
Viscous materials, like pitch, while requiring in the 
ordinary way a definite stress to produce deformation 
and rupture, if sufficient time is allowed will deform 
under the slightest stress. The definition of natural 
hardness should, therefore, include an arbitrary time 
element, and this is a matter of practical arrangement. 
The time rate would theoretically be infinitely slow, 
but this would destroy the practical value of the defini- 
tion, as it would make pitch almost infinitely soft, like 
a limpid fluid, while to all practical intents it is rather 





hard. The time rate of loading must, therefore, be 
within the ordinary limits of practical testing. It might 
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be stated that many of the “ elastic’ materials behave 
somewhat like pitch. 

11. It will readily understood from the above 
what relation the results obtained from current methods 
of testing hardness have to the true hardness of materials. 
Each of these methods in the case of ductile materials 
deforms the material in its own particular fashion. 
It deforms one part of the material more than another, 
and the relative degrees of deformation are quite different 
according to the method employed. For example, in 
abrasion or scratch methods some portion of the material 
is completely detached, that is, deformed to the point 
of rupture ; in indentation tests the material is generally 
not broken; in each case the remaining portions are 
deformed in varying degrees from nil to the maximum, 
and not in equal gradients. How, therefore, can it be 
expected that these methods should agree among them- 
selves, or that the results should represent some specific 
property of the material? Further, with indentation 
tests, even with tests by the same method, on different 
materials the same defect exists. How, therefore, can 
any of these methods give a true numerical relation 
between the hardness of two materials, so as to say, 
for instance, that one material is twice as hard as 
another ? 

12. Summing up, the situation seems to be :-— 

(a) Hardness as generally understood, is a loose term, 
not representing any specific property, but “ resistance 
to deformation.” 

(6) The greater resistance in general of deformed 
materials to deformation (or deformation hardness) over 
that required to produce the first permanent deforma- 
tion in the same undeformed material (or natural hard- 
ness) is involved to an indefinite extent in this term. 

(c) No single value can therefore be assigned to the 
hardness of the material in this general sense. It can 
only be expressed by a complete stress-strain curve. 

(d) The “natural hardness’? can be measured, and 
is the ‘“ yield-point stress.’”” Even this is subject to 
disability in the case of viscous materials like pitch. 

(e) There seems to be no satisfactory method of 
determining ‘‘deformation hardness ”’—that is, the 
resistance to deformation of material deformed prac- 
tically to its fullest extent. Scratch methods enable 
comparisons to be made of this more or less definite 
property, but do not give a numerical value. 

) Other methods professing to measure hardness 
measure the resistance of material deformed to varying 
amounts in different parts, and cannot therefore be 
expected either to agree among themselves or to give 
a true numerical value for the hardness. 

(g) Brittle materials in which little or no deformation 
is possible are not subject to this complication of 
deformation hardness. On the other hand, they cannot 
be indented without fracture (cracking), and the utility 
of indentation methods is destroyed in their case. 





APPENDIX III. 
DEFINITION OF HARDNESS. 
By A. E. H. Turton, D.S8e., F.R.S. 

The hardness of a solid substance may be defined 
as the resistance offered by a smooth surface of the 
substance to abrasion. It is measured by the capability 
of the substance being just abraded or scratched by 
contact with a sharp fragment of another substance 
of slightly greater hardness, and of which the precise 
degree of hardness is known with reference to a con- 
ventional scale. Particles of the softer substance are 
torn away by the harder, their cohesion being over- 
come. Hence, hardness is intimately connected with 
cohesion. If the solid substance is crystallised, the 
hardness varies slightly with the direction within the 
crystal, as cohesion in a crystal is in general dissimilar 
in different directions ; thus hardness is always lower 
along a direction of cleavage than along the direction 
perpendicular thereto. For cleavage planes are planes 
of points of the crystal space-lattice which are most 
densely strewn with points, and in which cohesion is, 
therefore, a maximum, while successive parallel planes 
of points (all parallel to the plane of cleavage) are the 
most widely separated from each other, the points 
being farthest apart in the direction at right angles to 
these planes; the cohesion is, therefore, minimum 
perpendicular to the plane of cleavage. The particles 
are, consequently, more readily torn off from a cleavage 
face than from any other face of a crystal. Moreover, 
high specific gravity (density) is generally accompanied 
by great hardness. For (considering the case of the 
perfect solid—a crystal), the points of the space-lattice 
being the closer together the denser the substance, 
greater difficulty is naturally experienced in overcoming 
their cohesion, in accordance with the usual laws 
governing the attractive forces between particles. 





Prorirs 1x Avustria.—The Prague Iron Industry 
Company paid 38 per cent. for the year ended June 30, 
1916, against 24 per cent. for last year and 8 per cent. 
for the preceding year; the dividend for the year now 
supented upon is the same as that paid for the year 
1912-13, the net profits being ively 15,350,000 
kronen and 15,100,000 kronen. With the exception of a 
slight decrease in the production of coal, other figures 
show a material increase as compared with 1914-15, 
viz.: pig-iron about 100 per cent., iron ore and half- 
finished products 60 per cent., and finished rolled goods 
50 per cent. ; the latter output exceeds the record figure 
of 1912-13 by 50 per cent., the other commodities 
mentioned being only slightly behind those of that 
year. The number of hands employed, June 30, 1916, 
amounted to 14,220, against 12,880 the previous year. 
_— is engaged to its fullest capacity until far into 
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A METHOD OF DETERMINING THE 
DENSITY OF FLUE GASES.* 


By Jas. Avex. Smrru, Past President. 


Enouverrs, whether power, metallurgical or manu- 
facturing, can always ascertain the density of the 
within their province, either by chemical analysis or 

recision weighing. But it is not always essential to 

ow the chemical composition ; or the composition may 
be deducible with cient accuracy if the density is 
known. Then methods of a simpler. or more direct 
character have a use, particularly when it is desired to 
study cause and effect concurrently, and without any 
appreciable intervening interval during which the cause 
might vary. 
purpose of this paper is to describe a moge of 
determining gas density by gauge reading. So far as the 
writer is aware, the method is new. 

General Principles.—The basic theorem is that the 
densities of gases and their pressures per unit area of 
base are directly proportional when the gas columns are 
of equal height. Hence, if a column of air in a vertical 
tube of known height is displaced by a given gas, the 
barometric and thermometric conditions remaining 
constant, the densities are in the simple ratio 





_P+?P 


. P 


(1) 


D = Density of the given gas referred to air taken as 
unity, 

Known air pressure due to column height, and 

Difference (+) of pressure due to gaseous dis- 
placement. 


Pressure Measurement.—Assume that an accuracy 
within 1 per cent. of the total air pressure due to the ver- 
tieal or column height is required ; in other words, that 
a pressure due to the air in a column the one-hundredth 
of the height of the column in the given case must be 
evaluated. This order of minuteness of magnitude at 
once contra-indicates mechanism subject to friction, and 
indicates the use of “ frictionless’ liquid gauges. 

Postulating that, without the introduction of undesir- 
able complications, 0.02 in. is the smallest significant 
difference of level of such a gauge, then the relation of 
that minimum gauge space to the minimum correlated 
gas-tube height (A) is given by the equation 

h = O2in. x 1002 (2) 


when z is the specific gravity of the gauge-liquid referred 
to air as unity. herefore water, which is about 772 
times heavier than air, if used in a simple siphon gauge, 
and under the conditions postulated, requires a com- 
plementary gas-tube not less than 0.02 in. x 100 x 772 
= 1,544 in. = about 130 ft. in height. Conversely, if 
the height (A) in inshes be given, then the maximum 
specific gravity of the possible gauge-liquid (air, as 
before, being taken as unity) is determined by the 
formula 


ere see 


Any convenient value may be assigned to h. Let, 
then, the vertical height of the gas column be 100 in. 
Then 2 = specific gravity 50. That is, for such a tube 
height, a liquid is indicated not more than 50 times 


9 
50 = 15.44 times lighter than 


heavier than air, or, 
water, 

No such light liquid is known; but its equivalent 
may be attained if two immiscible liquids are caused to 
partially equilibrate each other in such a manner that the 
difference (which may be made as small as desired) of the 
specific gravities becomes the measure of the equivalent 
specific gravity of the liquid system as a whole. 

A gauge on the differential principle, capable of 
readily dealing with gas pressures of the small magnitude 
in question, has already been described by the author 
in the “ Proceedings’’ for November, 1909, vol. x, 
pase 155, under the title, ‘‘A Simple, Sensitive, Two- 

iquid Differential Gauge for Measuring Small 
Pressures.”’ t 

Gas Tube.—The gas tube is very simple. In the 
example illustrated it ccnsists of a piece of }-in. 
wrought-iron gas-barrel, A, 100 in. in height. At the 
bottom two stopcocks, B, C, permit alternative connec- 
tion to a gas-source or to a gauge, E. To check diffusion 
the passage through the latter cock should be reduced 
to a pin-hole. At the top a third cock, D, opening into 
the air, permits the tube to be gas-flushed and filled, 
and when the main passage is closed continues the 

tion by a minute by-pass large enough to preclude 





any possible barometric difference of pressure between | P® 


the gas inside and the air outside the tube, yet so small 
that diffusion is negligibly slow. , The surface of the 
liquid in the gauge cistern and the bottom of the gas 
tube must be approximately at the same level. 
Calibration—If the gauge constants are unknown, 
a simple, comprehensive calibration covering all the 
factors can be effected thus: All parts being filled with 
air, adjust the gauge to zero. Then displace the air in 
the tube with any easily generated or procured gas of 
known density, for instance CO9, the specific gravity of 
which is 1.524. Then the pressure upon unit of base of 
100 in. vertical of CO, is equal to the pressure of 100 x 
1.524 = 152.4 in. of air. Therefore, the t 
liquid displacement due to the displacement of the air 
by gas is equivalent to that which would be caused by 
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* Paper read before the Victorian Institute of 
Engineers, July 6, 1914. 
+ Also repriated in EnoinrERInG, vol. xc, page 144. 


an air pressure of 152.4 — 100.0 = 52.4 in. The scale 
can be graduated or interpreted accordingly. 
Corrections.—When relativity only is required, correc- 


tions may be dispensed with. The case of the i 


FOREIGN ENGINEERING PROJECTS. 


WE give below a few data on several foreign engineer- 





effect of draught volume variation upon chimney-gas 
density is an example. 

But if absolute readings are required, and if the baro- 
metric and thermometric conditions differ from those 
which may have been assigned in respect to P (formula 1), 
and upon which the value of the gauge divisions is com- 
puted, then a corrected value P” must be substituted for 
observed P’ in formula (1); then 


pr — (46148) 20.92 xP 61+ xP gy 
461 x b 15.41 x b 
when 
t = Observed temperature on Fahrenheit scale, 
b = Observed barometric pressure in inches, 
P’ = Observed pressure due to gas displacement, and 
P” = Corrected value of observed displacement 
pressure. 


Strictly, a further correction should be made to 
compensate for the variation in the gas system volume, 
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A—Gas tube. B—Inlet gascock. C—Gauge cock. 
gas cock. E—Differential gauge. 
Notre.—The barometric equalising vent (at D) is not shown. It 


consists of a piece of clockmaker's ‘‘ bushing wire,” 1 in. long 
and ,j,-in. bore. 


D—Outlet 


due to the movement of the liquid in the gauge. Usually, 
however, this amount is so small that it may be neglected 
in practice. 

es.—The actual graduations may be in any con- 
venient term, ¢.e., density or specific gravity, percentages, 
or direct evaluations of the major object of the test. 

Variants.—(i) The mode is equally — in the 
case of density change due to chemical reaction other 
than combustion. 

(ii) In the case of inconveniently high tubes, all adjust- 
ments may be brought within operative reach by 
constructing the tube as an inverted M, providing that 
the minute equalising vent must then be placed at the 
vertex, and must remain permanently open. 

(iii) A gas tube within a chimney and extendi 
full height affords a means of ascertaining the d 
of the chimney gases at the mean temperature within the 
whole stack. From this may be deduced the potential 
ascensional power of the gases, a result not given by the 
omy draught gauges, which show the utilised value 
only. 

(iv) Obviously portability can be attained by con- 
structing the tube in screwed sections. 

(v) Photographic continuous records can be attained 
by the use of any of the well-known devices. This 
implies a constant e of gas, therefore precautions 
must be taken against the vitiation of the results by the 
introduction of extraneous pressure head, either by 
riodically cutting off the gas supply, or by making the 
inlet very small in comparison with a esegyee | arge 
outlet permanently open. Necessarily there will be a 
lag in the records in respect to time. 


to its 
ensity 





ENGINEERS AND Crivit SERVICE APPOINTMENTS IN 
Grermany.—The Verein Deutscher Ingenieure have 
addressed to the German Chancellor a long and reasoned 

rotest against the present system of selecting candidates 
or.the higher positions in the German civil service. 
They state that et and technical aperonenss 
are completely ignored, a | training being the prime 
essenti feteed on in eoer chuiphaaitee post. The 
protest declares that civil servants have now to deal with 
problems which — the type of mental equipment 
which is provided by the technical high schools, and 
there would, it is stated, be no difficulty in giving pupils 





at these as much knowledge of law and administration 
as is Aaa in +i. 
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ing projects, taken from the Board of Trade Journal. 
Further information on these projects can be obtained 
from the C cial Intellig Branch, Board of 
Trade, 73, Basinghall-street, London, E.C. 











Republic of Colombia.—The Diaria Oficial, Bogoti, 
publishes the text of a resolution authorising the muni- 
cipal il of R dios, department of Antioquia, 


to raise a loan of 26,800 pesos gold (5,3602.) to be devoted 
to electric lighting and aqueduct works in the Remedios 
district. The Diario also publishes a resolution authoris- 
ing the municipal council of San Jerénimo, department 
of Antioquia, to raise a loan oi 4,000 pesos of gold (800/.) 
for the installation of an electric power plant. A further 
resolution, published in the Diario, grants permission 
to the municipal council of Quibdo, canital of the Chocé 
Intendency, to raise a loan of 10,000 pesos gold (2,000/.) 
for carrying out electric lighting works. 


Peru.—The following notes on markets for machinery 
and machine tools in Peru, taken from a report to his 
Government by a special agent of the United States 
Department of Commerce, may be of interest to British 
manufacturers in reference to trade after the war :— 
The principal demand for machinery and machine too!s 
in Peru arises from the cotton mills and mines, but there 
is also a demand to some extent from the smaller indus- 
tries mentioned below. . In view of the development of the 
mining industry (mainly copper, gold, silver, coal and 
petroleum), there is every reason to expect an increased 
demand for mining machinery in the future. Openings 
exist for the sale of prospecting tools and small engineer- 
ing supplies, stocks of which are carried by local importers 
and dealers. Peru also offers a market for hydraulic 
machinery and for pumping plant for irrigation and other 
oe ape In time, as the small mines develop, there is 
ikely to be a more valuable market for heavy mining 
tools and machinery. At present these mines use hand 
tools almost exclusively, but the more p' rous of 
them will sooner or later instal compressed air or electric 
drills, dynamos, and other classes of machinery belonging 
to mining and concentrating plants, and the necessary 
repair shops will require machine tools. In the mean- 
time, the small market should not be neglected. It is 
questionable, however, whether it would pay to work it 
through the medium of salesmen. The various plants are 
widely separated, and long residence in the country is 
required in order to learn the peculiarities of the market 
and the reliability of possible customers. Moreover, 
it is very hard to sell for cash. Recent years have seen 
a considerable increase in industrial activity in Peru. 
On the whole, the textile industries have been the most 
successful, since cotton and wool are produced locally 
in quantities and qualities sufficient to ensure profitable 
results. The only other industries that have attained 
much importance include the manufacture of cottonseed 
oil, soap and cocaine. The cotton mills in Peru manu- 
facture principally sailcloth, filter-press cloth, towels, 
and some other heavy goods. The total number of 
looms in operation is 1,015, and the annual production 
is about 15,000,000 yards. The development of this 
industry will create a fairly good opening for cotton mill 
machinery. The woollen industry is also expected to 
expand. The extension of cotton cultivation during 
recent years has caused some development in the cotton- 
seed oil industry. There are six or seven soap and 
candle-making factories in Lima and there are 20 others 
for the extraction of alkaloid from the coca shrub. 
Other Peruvian industries are the manufacture of hats, 
cigarettes, matches, leather, shoes, paper, glass, furniture, 
lumber, and beverages and foodstuffs. The probable 
market for the smaller kinds of industrial machinery is 
very limited, and it would hardly pay any single manu- 
facturer to send out a salesman to sell his own product 





solely. The report referred to, which also discusses the 
equipment of light, power and tramway companies in 
| Peru, and the machinery used in the sugar and mining 
industries, may be consulted by British firms interested 
at the Commercial Intelligence. With reference to the 
foregoing, regard should be had to the existing restric- 
tions on the manufacture and export of machinery and 
machine tocls. 








German War Prorits.—The latest report of the 
Bochum Union for Mining and Cast-Steel Manufacture 
states that the large output of the preceding year had 
been exceeded by 30,000 tons. A marked increase was 
also evidenced in the value of the turnover, because 
during the year no goods such as rails, sleepers, &c., 
had been manufactured, but almost exclusively products 
for direct and indirect war purposes. The plant had 
been heavily taxed, and 2,000,000 marks been 
specially reserved on that account and for the transition 
| period. The extension to the steel works and blast- 
‘urnaces, and the connection with the Rhine-Herne 
canal had proceeded during the year, but more urgent 
work had stood in the way of their completion. They 
| were being proceeded with during the current year. 
| The coal mines had worked most satisfactorily. Thanks 
| to the excellence of the plant, the satisfactory financial 
position and the efficiency of the staff and men, the 
| prospects were deemed soo gge The dividend for 
fast ear was fixed at 25 percent. The Charlotten Hitte, 
| Ni erschelden, Siegerland district, paid 16 per cent. 
| for last year, against § per cent. for the previous year. 
|The Westphalian Steel Works Company doubled its 
working profits, as also its production, during last year. 
The net profits amounted to 1,789,935 marks, liberal 
war-tax reserve and writings-off having been provided 
| for, of which 20 per cent. arrears on the preference shares 








were paid, various funds were well financed and 629,935 
: marks were carried forward. 
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ELECTRICAL APPARATUS. 


13,902/15. Naamlooze Vennootschap de Nederlandsche 
Thermo-Telephoon Maatschappij, Utrecht, H . Ther- 
mic Telephones. (2 Figs.) April 26, 1915. The thermic 
telephone, which is intended to be introduced directly into the 
auditory of the ear, is enclosed in a tubular casing 1. 
The heating conductor is constituted by an arch-shaped heating 
wire, the free portion 5 of which forms the sound producer, whilst 


C 








its branches 7, secured in the support 6 of insulating material, 
are connected to the current conductors leading to the circuit. 
According to this invention, against the free portion 5 of the 
heating conductor is placed a heat-absorbing body 15 which, 
on the one hand, must have sufficient heat capacity to cool 
strongly the wire 5, 7, which becomes heated during the passage 
of the current, and, en the other hand, must not cause any short- 
cireuiting. (Accepted October 4, 1916.) 


16,694/15. A. H. Railing and A. E. Angold, London. Arc 
Lamps. (3 Figs.) November 26, 1915.—The invention relates 
more particularily to arc lamps of the kind used for projection 
purposes. To facilitate gy - the positive carbon A is placed 
in the axis of the reflector D in the known manner. But the 

int E of the negative carbon is slightly above the axis B, C, but 
Caer than the top edge of the tive carbon, so that the arc 
tends to play on the upper half of the positive carbon because 











that is the nearest to the negative carbon. A magnetic influence 
is provided to counteract this tendency and also to counteract 
the updraught of the surrounding air until the stream of current 
conducting vapour strikes the positive centrally and true to its 
axis. The magnetic field formed by the arc current passing along 
the carbons and their adjacent electrical connections is as usual, 
employed for this purpose, but the arrangement is such that the 
magnetic foree tends to blow the arcin the direction F. (Accepted 
October 4, 1916.) 


GUNS AND EXPLOSIVES. 


™ 17,397/15. C. W. Findlay, London. Grenades. (6 Figs.) 
December 11, 1915.—This invention relates to the manufacture 
of parte, such as cap chambers, caps or centres, of hand grenades. 
The cap member db is placed on a die or mould suitably shaped 
to form the base c and guide a. The metal base portion c and 


Fig.t. 


Fig.2. 
prsst) 


guide @ are then cast, the base surrounding the adjacent end of 
the cap and being accurately formed ~y required size and 
shape with threads in one operation, or it may be roughly cast 
me afterwards by machining. (Accepted September 27, 

13,476/15. 


ers. (5 Figs.) September 22, 1915.—According to the 
— invention, means are combined with the range finder 
ving periscopic or indirect sighting vision to allow of the testing 

= the zero point without displacing the range-finding instrument 
Dany way, the latter instrument being combined with the testing 


po in such a manner that the latter may be moved into or 





ee as shown in Fig. 2, a reflectin; ae 7? be 
moun about a pivot carrying a pinion Sontag wtih @ & 


with a rack 
guided = the periscope tube and provid with an operating 
handle 12, by which it may be swung into or out of the axis of the 


A. Taylor and P. W. Gray, York. Range | stat 


periscope tube. Any other form of link operation or gearing may, 
of course, be adopted. In these constructions it will be necessary 
to provide means for illuminating the cross wires 3, so that the 
reflection of the cross wires 3 will pass through the sighting 
element 4 of the range-finder on to the mirror 6 or 9, as the case 
may be, thence back through the element 4 and into the eyepiece 2, 











(rat) 


whence any lack of coincidence of the sy of the cross wires 
that passes through the fixed half of the object glass with the 
image Passing through the moving half of the object giass can 
be Le y Knee ay and age as adjustment of the 
ts) emen' e ran inder, such as 4. (Accepted 
October 4, 1918.) * " : 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


12,098/15. Cole, Marchent and Morley, Limited, R. S. 
Brailsford and W. W. S , Bradford. Internal Com- 
bustion En: . 2 Fig 8.) ye 23, 1915.—The present 
invention relates to improvements in means for regulating the 
supply of air to Diesel and similarly actuated internal combustion 
engines —s liquid fuel, according to the load on the engine. 
In the inlet pipe a to the compressor b there is arranged a throttle 
valve c. Connected to the spindle d of this valve is a semi- 
circular rack ¢. Loosely mounted on the spindle d of the valve 
is an arm f carrying two oppositely directed pawls g, which are 
omnenrnes towards the rack. On a further arm j, also loosely 

on the spindle d, is carried a shield & which is normally 
located between the pawis g and the rack ¢. The pawl arm f 
is connected by a link 7 to a lever m, which is mounted on a 
movable fulcrum-plate n, and at its outer end carries a roller o 
which bears on a cam race p on the governor spindle ¢g, whereby 
a continuous oscillation is imparted to the arm f and pawis g. 





Fig.t 
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The means for forming a movable fulcrum for the lever m consist 
of the plate n, which is connected to a lever r mounted on a 
io of the engine, while the outer end of this lever r 
is co by the rod s to the governor mechanism, to rise and 
fall therewith. From this arran it it will be seen that, as 
the speed of the engine tends to vary owing to varying loads, 
the rod s will move and so alter the position of the movable 
fulcrum n of the lever m which is operated by the cam race g: 
causing the path thro’ which the pawls g are oscillated to 
also al which will enable the pawis to act on the rack ¢ 
at one or other end of the shield &, and so adjust the valve c. 
The shield arm j is connected up through the rod ¢ and lever u to 
the plunger rod » of a pressure plunger in the cylinder w, so that 
the alteration of the Fm in the air bottles, air pipe or like, 
adjustment of the valve ¢ leading the com- 





—— will cause the shield & to move in its path between 
rack ¢ and the pawis g. The adjustment of the parts is such 





that when the pressure has reached the desired point to enable 
the correct amount of air to be injected into the cylinders of the 
engine for the then load, the shield will have moved into such 


a tion as to prevent the pawls from acting further on the 
wall oooh ory as the load on the engine is altered. aooepeed 
4, 1916.) 


MACHINE_AND OTHER TOOLS, SHAFTING, &c. 


101,528. Svenska Turbinfabriks Aktiebolaget Ljung- 
strom, Finspong, Sweden. Forced Feed Lubrication. 
(1 Fig.) July 8, 1916.—According to this invention, a branch 
pipe 5 of comparatively small diameter is led from the wor 
preferably from the grooves 3, to a nozzle 6, placed in an 
reservoir 7 above the bearing. The nozzle has its outlet into an 
oil cup 8, above the reservoir 7, so that the volume of oil 
as over the edge of the nozzle can be seen. The nozzle is 
urther provided with one or several openings 9 near the 
the reservoir 7. For leading the surplus oil back to the oil 
pump there is provided an outlet pipe 10, the upper end of which 





is at a suitable height in the cup 8 below the level of 
the nozzle 6; pe, by means of a groove 11 in the 
casing, communicates with the oil-pump. When the 
is started and oil streams in thro’ the pressure 
also be pressed up through the small pipe 5, so 

reservoir 7 will be filled with oil, during the oil supply to the 
bearing the oii reservoir is thus filled to the edge of the outlet 
pipe 10. It should be observed that the 
supplied under pressure to the 
same through the openings 9, as the oil, on account of the kinetic 
energy of the oil jet in the pipe 5, will pass the holes 9and stream 
over the edge of the nozzle 6. (Accepted October 4, 1916.) 


14,198/15. I. Best, 
(5 Figs.) 
with bearings in which is mounted a shaft ¢ with a driving 
pulley d and carrying a grinding disc ¢ paving a semicircular 
periphery. The bed a is also provided with a 

loc. f, 8 clamped by a tail-piece and nut. In 
rod & is mounted ‘and —— . & set screw. On the k 
is mounted a carrier n provided with a handle o whereby it can be 
reciprocated and rocked on the bar. The carrier n is provided 


with a self-adjusting or spring-pressed “ centre” p and a hand- 
adjustable “centre” r. The drill 2 is moun’ between the 
centres p and r, which are adjusted so that the drill can rotate 


freely on its own axis, and the rod & is adjusted at an angle to the 
axis of the grinding disc ¢ according to the pitch of the grooves 
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of the drill, so that the disc enters one of the ves, which is 
then by reciprocating the carrier or holder nm and at the 
same time poessing the éril aha nrnny Cy 
c0-0 ion of the disc ¢ with groove rotates drill whilst 
the latter is being reciprocated. When one groove has been 


= the rocking of the carrier or 
‘or 
a grind 


parts are so adjusted 
parallel to the axis 
October 4, 1916.) 
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~ 15,529/15. G. Bilham 
November 4, 1915.—This 
and countersinking tools. 


»London. F Tools. (7 Figs.) 
invention refers to facing, recessing 
grade tool steel, the nd icdie Use one 

upper end being turn a rse cone 
and the lower end fareed to suit the diameter of the hole to be 
faced. The central portion of the body is bored to receive the 


high-grade steel cutter 2, the remainder of the hole, of which only 
a portion fits the cutter, is enlarged for clearance, except the 
top portion, which is drilled and tapped to receive the screw 3. 
The cutter is secured by the key 4, the space between the screw 3 
and the upper end of the cutter being filled and the upward 
pressure taken by a piece of suitable material. (Accepted 
October 4, 1916.) 


100,354. Firm Hasler A.-G., vormals Telegraphen- 
Werkstatte von G. Hasler, Betne, Switzerland. Shaft 
Couplings. (1 Fig.) April 28, 1915.—1 and 2 are the main shafts. 
Sand 4 are the two of the spherical coupling member, 
which has tubular projections 5 anid 6 in which the shafts are 
ournalied. The parts 3 and 4 are joined to each other with a 
ap joint, and are held together — bolt or rod 8 perpendicular 
to the plane of this joint. On this bolt is moun a hollow 


7 
connecting shaft 9 formed with bevel gears 10 and 11 at its ends, 
which mesh with bevel gears 12 and 13 on the main shafts. In 
the drawing, the shafts 1 and 2 are shown in direct alignment 
with each other. By rotating either of the parts 3 and 4, the shaft 
journalied in that part can be placed at any angle between 
180 deg. and 90 deg. to the other main shaft, and the uniformity 
of the speed of the driven shaft is in no way affected by the 
adjustment, (Accepted October 4, 1916.) 

17,327/15. L.A. Wharrad, Redditch, and H. H. Knowles, 
ee: Milling Rods and Wires. (7 Figs.) December 10, 
1915. he spindles }, b1, of the milling cutters a, al, respectively 
are mounted eccentrically in bushes in the standards d of the 
machine. The bushes are capable of a partial rotation so as to 


adjust the spiral milling cutters a, al, towards or away from 








each other, and thereby the space between the cutters is also 
adjusted to suit the work to be done. The bushes are turned 
or adjusted through the arms ¢, c3, in one with the bushes respec- 
tively, the said arms c2, ¢5 at one end being connected to the 
arms ¢2, c5, at the other end by rods ct, o>. On the rods c#, o, 
are collars ¢2, ¢3,in one with the right and left-handed screw 


pins ¢, el, respectively, which screw pins are drawn together 
or are moved apart by the turning of nut f/, with which the screw 
pins ¢, el, engage. The nut fis supported in a fork-like bracket 
on the standard d. (Accepted October 4, 1916.) 


PUMPS. 


W. Matthewman, Ingleton. 


9 /15. 
June 


,202 Pump Valves. 
(7 Figs.) 22, 1915.—This invention relates to pump valves 
having a or passazes through the valve member, and 
pots in conjunction with the valve member a number of seats 
capable of covering side and end ports, adapted to isolate side 
ports when acted on by inlet pressure, and allow incoming air to 
pass through a passage in the interior of the member. The 
valve barrel A has a passage P formed therethrough, and at 
one end a valve member Al. The lower A2 of the valve is greater 





in area than the hole in the collar C which the valve barrel passes 


through. When inlet pressure is admitted to the device, the 
valve will be moved on to its lower seat so that a port X between 
the collar C and end Al of the valve isisolated. A rubber ring C! 
may be provided to prevent the passage of air between the barrel 
and the seating collar C. Owing to the end A2 being greater 
in area than the area of the hole in the collar C,immediately the 
inlet pressure is reduced the valve will lift from its lower seating 
and allow air to pass to the port at X, which is uncovered by such 
lift. When the valve is used with a pump it will open after every 
stroke of the pump, or when the action ceases if a continuous 
current pump is used. (Accepted October 4, 1916.) 


RAILWAYS AND TRAMWAYS. 


15,588/15. Weldiess Couplings, Limited, London, and 
I. H. Pilot, Brighton. Railway Wagon Couplings. (19 
Figs.) November 4, 1915.—This invention relates to the 
manufacture of couplings of the kind described in Specification 
No. 27,683 0f 1912. The billet of square cross section from which 
the coupling is formed is submitted to stamping operations in 











(5,508) 2 


compound dies which successively form two sets of grooves g, 
g, and J, J, in planes at right angles to one another, whereby the 
blank is divided into three sections, viz., a central portion con- 
taining the metal for the centre link and the portions of the end 
links engaging therewith, and two end portions for the other 
parts of the end links. The centre and end portions are then 
flattened in planes at right angles to one another, as shown in 
Fig. 3. (Accepted October 4, 1916.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 

101,454. A. W. Bennis, Bolton. Furnace Fire Bars. 
(3 Figs.) September 22, 1915.—According to the present 
invention, a plurality of transverse bars are carried side by side 
on moving longitudinal elements to present hollow troughs over 
the bases of which are arranged stationary cleaning slides, the 
relative motion thereby keeping the air passage through the 
troughs clear of accumulating ash and the like. A plurality of 
detachable bars 1 (Fig. 1) are supported within a frame formed 
by the parts 41, 42 and 43, and, as shown, may be in the form of 
plates having a rectangular opening 2 serving as an air passage 
which leads to passages 3 communicating with the fire bed. The 
inner sides of the bar bounding the air passage 2 may be ribbed to 
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provide alarge cooling area. This also has the effect of preheating 
the air. In the form illustrated, a cleaning slide 34, having holes 35, | 
is adapted to slide over the lower surfaces of the bottom of the 
bars 1 to allow ash or the like to fall out through the holes 33. | 
The bars 1 are prevented from becoming detached from the parts 
supporting them by keyed portions or flanges 5in the parts 41, 42 
engaging in recesses in the bars. In the modified construction 
shown in Fig. 2, the bars 45 are open on the under side and have 
sides 47 extending down within the walls 7 of the trough. The 
cleaning slide 8 in this instance is arranged working actually on 
the base of the trough 9 and holes in it adapted to cover or uncover 
holes 33in the base of the trough according as the trough is re- 
ciprocated. (Accepted September 27, 1916.) 


11,860/15. D. B. Morison, Harti . Steam Con- 
densers. (3 Figs.) August 17, 1915.—This invention relates 
| to the discharge of aerated vapour from a steam condenser under 
| vacuum by means of steam-operated ejectors. The invention 
| consists In arranging multiple final ejectors c, cl, ¢2, in paralle! 

with each other and in series with the ejectors a and b, e and f 
being intermediate condensing receivers. The combining tubes 
6, 61, b2, are provided with cocks and the steam supply to the 





ejectors may be brought into use when desired. The ejectors 
c, cl, ce, may each have any suitable air capacity, and in the 
arrangement illustrated they are designed for capacities for 


discharging respectively 1, 2 and 4 Ib. of air, contained in¥the 
aerated vapour withdrawn from the condenser d, per unit of time. 


(Accepted September 27, 1916). 
MISCELLANEOUS. 


101,470. I. Hall, Birmingham. Coating Wire. (2 Figs.) 
September 16, 1915.—The firing of the bath 1 is effected through 
a series of Bunsen burners 17, fed from a common equalising 
chamber 18 of comparatively large volume, the gas supply to 
which is under control of a thermostatic regulator 19 comprising 
thermostatic elements 20 which depend into the bath, a valve 
controlling the supply of fuel and levers transmitting and 
magnifying the movement of the thermostat to the controlling 
valve. The fuel inlet from the thermostat appliance 19 to the 
gas-equalising chamber 18 is indicated at 22. To minimise 
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(101,470) 


surface oxidation, the products of combustion from the fuel are 
introduced into the chamber 26 above the bath 1, and external 
flues 23 communicating with the chamber 24 around the burner 
17 are arranged to discharge the products of combustion into the 
upper or melting and coating chamber, the gases finally making 
their escape through an outlet on the top of the enclosing cover. 
By passing the products of combustion to the upper surface of the 
metal in the bath 1, the waste heat is utilised in preheating the 
metal and surface oxidation is also considerably minimised. 
(Accepted September 27, 1916.) 

17,437/15. A. A.Holleand A. W. Judge, Thames Ditton, 
and The Varioplane Company, Ltd., London. Aeroplanes. 
(4 Figs.) December 13, 1915.—The invention relates to aero- 
planes of the single fuselage type. The engine a, the omen b, 
and the intermediate gearing, when such is used, either with or 
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1931) 


without the tanks ¢ and d for the fuel and lubricating oils, and the 
silencer, are mounted in a detachable frame ¢ adapted to form 
an extension of the fuselage f, the power unit being capable of 
being readily mounted on or dismounted from the fuselage. 
(Accepted September 27, 1916.) 





JAPANESE StTEEL.—The promoters of the Clans 
Iron Smelting Company, of Japan, propose to wor 
the Taochun iron mine at Anhui, China, by taking over 
a concession obtained by the Chino-Japanese Industrial 
Development Company from the Pekin Government. 
The company proposes to start with a capital ‘of 





ejectors is provided with valves, so that one or more of the 


12,462,500 dols. 





